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ABSTRACT 
T h e n u m b e r of N , N ' , N , S and N , 0 c h e l a t i n g b i h e t e r o -
a r o m a t i c l i g a n d s used by c o o r d i n a t i o n c h e m i s t s is v e r y s m a l l 
and t h u s t h e area has v a s t p o t e n t i a l i t i e s o f f e r i n y the 
s t u d i e s of m a n y n o v e l c o m p o u n d s h i t h e r t o u n e x p l o r e d . 
T h e m a j o r o b j e c t i v e of t h i s w o r k w a s t o i n v e s t i g a t e 
some c h e m i c a l r e a c t i o n s l e a d i n g to t h e f o r m a t i o n of nev/ 
m o l e c u l e s w i t h m u l t i d e n t a t e d o n o r s i t e s and to study t h e i r 
l i g a n d p r o p e r t i e s . C o m p o u n d s l i k e i n d a z o l o c o n t a i n i n g N-H 
g r o u p r e a c t v;ith h a l o d e r i v a t i v e s of s o m e h e t e r o c y c l i c 
c o m p o u n d s like 2 - b r o m o p y r i m i d i n e to f o r m 2 - ( 1 - i n d a z o l y l ) 
p y r i m i d i n e w h i c h is a m u l t i d e n t a t e h e t e r o c y c l i c c o m p o u n d . 
T h i s r e a c t i o n is c a r r i e d o u t in t w o s t e p s v/hen a t f i r s t t h e 
h y d r o g e n a t t a c h e d to the h e t e r o c y c l e is r e p l a c e d by s o d i u m 
v/hen it r e a c t s w i t h s o d i u m h y d r i d e and then t h i s s o d i u m 
d e r i v a t i v e of t h e h e t e r o c y c l i c c o m p o u n d is a l l o w e d to r e a c t 
w i t h the h a l o g e n d e r i v a t i v e , of the o t h e r h e t e r o c y c l i c 
r e s u l t i n g in the f o r m a t i o n of a new c o m p o u n d . T h e f i n a l 
p r o d u c t in t h i s case as w e l l as v/ith s e v e r a l o t h e r v a r i a n t s 
h a v i n g s e v e r a l p o t e n t i a l c o o r d i n a t i o n s i t e s is p r o m i s i n g 
from the p o i n t of v i e w of its m a n y p o s s i b i l i t i e s of t h e 
f o r m a t i o n of a v a r i e t y of c o o r d i n a t i o n c o m p o u n d s w i t h 
t r a n s i t i o n m e t a l s . T h e s y n t h e s e s of s e v e r a l s u c h l i g a n d s and 
t h e i r c o m p l e x e s and the study of t h e i r p h y s i c o - c h e m i c a l 
p r o p e r t i e s h a v e been u n d e r t a k e n in this p r o j e c t . 
T h e n u c l e o p h i l i c d i s p l a c e m e n t of h a l i d e from v a r i o u s 
h a l o g e n a t e d h e t e r o c y c l e s by s o d i u m i n d a z o l i d e , s o d i u m s a l t 
of p y r i d i n e - 2 - t h i o n e , s o d i u m s a l t of s u c c i n i m i d e or s o d i u m 
s a l t of 2 , 4 , 6 - p y r i m i d i n e t r i o n e in dry t e t r a h y d r o f u r a n or 
e t h a n o l or a n h y d r o u s x y l e n e has been e f f e c t e d . T h e 
c o m p l e t i o n of f o r m a t i o n of the s o d i u m s a l t of a b o v e l i g a n d s 
has been a s c e r t a i n e d by the e v o l u t i o n of t h e c o r r e s p o n d i n g 
m o l e s of h y d r o g e n g a s . 
• ^ P r e p a r a t i o n of 13 nevi; l i g a n d s v/hich c o n s i s t of 
i n d a z o l e , p y r i d i n e - 2 - t h i o n e , s u c c i n i m i d e , 2 - m e r c a p t o b e n z o -
t h i a z o l e or 2,4,6 p y r i m i d i n e t r i o n e ring d i r e c t l y l i n k e d 
t h r o u g h n i t r o g e n to a n o t h e r h e t e r o c y c l e such as p y r i d i n e , 
p y r i m i d i n e b e n z o x a z o l e and b e n z o t h i a z o l e is r e p o r t e d f o r 
t h e f i r s t t i m e . 
In t h e s e c o n d c h a p t e r ''the s y n t h e s i s of a s e r i e s of 
i n d a z o l e d e r i v e d l i g a n d s n a m e l y 2 - ( 1 - i n d a z o l y l ) p y r i m i d i n e , 
2 - ( 1 - i n d a z o l y l ) b e n z o t h i a z o l e and t h e i r c o m p l e x e s w i t h s o m e 
t r a n s i t i o n m e t a l ions has b e e n d e s c r i b e d . T h e c o m p o u n d s 
p r e p a r e d have been c h a r a c t e r i z e d by i . r . , ^H N M R u v - v i s i b l e 
and m a g n e t i c m o m e n t m e a s u r e m e n t s . A l l c o m p l e x e s are s o l u b l e 
in u s u a l o r g a n i c s o l v e n t s such as D M S O , n i t r o b e n z e n e and 
t e t r a h y d r o f u r a n . The low m o l a r c o n d u c t a n c e v a l u e s of the 
c o m p l e x e s in D M S O s h o w s t h e i r n o n - i o n i c n a t u r e . T h e 
m a g n i t u d e of the n e p h e l a u x e t i c p a r a m e t e r B i n d i c a t e s a lov/ 
d e g r e e of c o v a l e n c y in t h e s e c o m p l e x e s . T h e r e p l a c e m e n t of 
c h l o r i d e ions in M L ^ C l ^ t y p e c o m p l e x e s has been follov/ed 
c o n d u c t o m e t r i c a l l y . A d d i t i o n of p y r i d i n e in D M S O s o l u t i o n of 
the c o m p l e x e s i n c r e a s e s t h e c o n d u c t a n c e w h i c h is a t t r i b u t e d 
to the r e l e a s e of c o o r d i n a t e d c h l o r i d e ions w h i c h a r e 
r e p l a c e d by p y r i d i n e . F u r t h e r a d d i t i o n of p y r i d i n e i n c r e a s e s 
the c o n d u c t a n c e o n c e a g a i n i n d i c a t i n g t h e r e p l a c e m e n t of t h e 
s e c o n d c h l o r i d e i o n . A f t e r t h e r e p l a c e m e n t of b o t h t h e 
c h l o r i d e ions any f u r t h e r a d d i t i o n of p y r i d i n e d o e s n o t 
c h a n g e the c o n d u c t a n c e . T h e ^H NMR s p e c t r a of the l i g a n d s 
2 - ( 1 - i n d a z o l y 1 ) b e n z o x a z o l e and 2 - { 1 - i n d a z o l y l ) b e n z o t h i a z o l e 
i n d i c a t i n g the c h e m i c a l s h i f t of t h e v a r i o u s p r o t o n s h a v e 
been r e c o r d e d and it can be seen t h a t as e x p e c t e d m o s t of 
the p e a k s are s h i f t e d dov/nfield a f t e r c o m p l e x a t i o n . A l l 
c o m p l e x e s of t h e f o u r l i g a n d s a p p e a r to h a v e an o c t a h e d r a l 
s t r u c t u r e e x c e p t t h e P d ( I I ) c o m p l e x e s w h i c h a r e s q u a r e 
p l a n a r . 
In the t h i r d c h a p t e r t h e s y n t h e s i s of t h r e e new l i g a n d s 
d e r i v e d from p y r i d i n e 2 - t h i o n e ; 2 - ( p y r i d i n e - 2 - t h i o n a t o ) 
p y r i m i d i n e , 2 - ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o x a z o l e and 2 - ( p y r i -
d i n e - 2 - t h i o n a t o ) b e n z o t h i a z o l e and t h e i r c o m p l e x e s w i t h C r d l l ) 
rin(II), F e ( I I I ) , C o ( I I ) , N i ( l l ) , C u ( I I ) , Z n ( I I ) , Ilg(II), 
P d ( I I ) , Ru( II I)., Rh( III) and A u ( I I I ) h a s been d e s c r i b e d . T h e 
c o m p l e x e s of d i v a l e n t and t r i v a l e n t m e t a l ions v;ere p r e p a r e d 
in 1:2 and 1:3 (M:L) r a t i o r e s p e c t i v e l y . T h e y w e r e c h a r a c -
t e r i z e d by e l e m e n t a l a n a l y s i s , i . r . m a g n e t i c m o m e n t and 
e l e c t r o n i c s p e c t r a . On the b a s i s of t h e s e s t u d i e s M n ( I I ) a n d 
N i d i ) c o m p l e x e s of 2 - ( p y r i d i n e - 2 - t h i o n a t o ) p y r i m i d i n e a p p e a r 
to be o c t a h e d r a l . Hov/ever Z n ( I I ) , C o ( I I ) and C u ( I I ) 
c o m p l e x e s a r e s u p p o s e d to h a v e a t e t r a h e d r a l g e o m e t r y a r o u n d 
the m e t a l i o n s . T h e l i 9 a n d 2 ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o x a -
zole y i e l d e d o c t a h e d r a l c o m p l e x e s v/ith t h e m e t a l s d e s c r i b e d 
a b o v e e x c e p t for the P d ( I I ) and A u ( I I ) . S i m i l a r r e s u l t s v/ere 
o b t a i n e d in the c a s e of 2 ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o t h i a z o l e 
c o m p l e x e s . T h e c o m p l e x e s of a l l l i g a n d s a r e i n s o l u b l e in 
u s u a l o r g a n i c s o l v e n t s . O n l y P d ( I I ) , R u ( I I I ) , R h ( I I I ) a n d 
A u ( I I I ) c o m p l e x e s a r e s o l u b l e in D M S O . T h e y are s t a b l e 
t o w a r d s l i g h t and a i r . T h e m o l a r c o n d u c t a n c e v a l u e s of 
s o l u b l e c o m p l e x e s i n d i c a t e s t h a t they a r e n o n - e l e c t r o l y t i c 
in n a t u r e . 
In the f o u r t h c h a p t e r the s y n t h e s i s and c h a r a c t e r i z a -
tion of C r ( I I I ) , M n ( I I ) , F e ( I I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , 
Z n ( I I ) , H g ( I I ) , P d ( l l ) , R u ( I I I ) , R h ( I I I ) , A u ( I I I ) and P t ( I V ) 
c o m p l e x e s of 2 - ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) p y r i d i n e 2 , 6 b i s 
( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) p y r i m i d i n e and 2 - { 2 ' - m e r c a p t o -
b e n z o t h i a z o l y l ) b e n 2 o x a 2 o l e a r e r e p o r t e d . E l e m e n t a l 
a n a l y s i s , m o l a r c o n d u c t a n c e s , m a g n e t i c and s p e c t r a l ( i . r . , 
^H NMR and u v - v i s i b l e ) m e a s u r e m e n t s h a v e been u s e d to 
c h a r a c t e r i z e the c o m p l e x e s . T h e i . r . s p e c t r a l d a t a s h o w t h a t 
the l i g a n d s b e h a v e as a b i d e n t a t e o n e s . C o n d u c t i v i t y 
m e a s u r e m e n t s in D M S O s h o w the n o n - i o n i c n a t u r e of the 
c o m p l e x e s . On the b a s i s of t h e s e s t u d i e s an o c t a h e d r a l 
g e o m e t r y has been p r o p o s e d for all t h e c o m p l e x e s e x c e p t f o r 
the P d ( I I ) and A u ( I I I ) c o m p l e x e s . T h e l i y a n d f i e l d 
p a r a m e t e r s l O D q , B and p v a l u e s h a v e b e e n c a l c u l a t e d 
w h e r e v e r p o s s i b l e w i t h t h e h e l p of T a n a b e - S u g a n o d i a g r a m s . 
T h e f i f t h c h a p t e r of the t h e s i s d e a l s w i t h t h e 
s y n t h e s i s and c h a r a c t e r i z a t i o n of C r ( I I I ) , M n ( I l ) , 
F e ( I I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) , H g ( I I ) , R u ( I I I ) , 
R h ( I I I ) and P d ( I I ) c o m p l e x e s of tv/o nev/ l i g a n d s 2 - ( N -
s u c c i n i m i d y l ) p y r i d i n e and 2 - ( N - s u c c i n i m i d y l ) p y r i m i d i n e . T h e y 
h a v e b e e n c h a r a c t e r i z e d by e l e m e n t a l a n a l y s i s , i . r . ^H N M R , 
m o l a r c o n d u c t a n c e / m a g n e t i c m o m e n t s and e l e c t r o n i c s p e c t r a . 
2 - ( N - s u c c i n i m i d y l ) p y r i m i d i n e c o m p l e x e s shov/ high m e l t i n g 
p o i n t s and i n s o l u b l i t y in c o m m o n o r g a n i c s o l v e n t s 
i n d i c a t i n g t h e i r p o l y m e r i c n a t u r e . R u ( I I I ) , P d ( I I ) and 
C u ( I I ) c o m p l e x e s a r e s o l u b l e in D M S O . T h e o b s e r v e d m a g n e t i c 
m o m e n t v a l u e s of the c o m p l e x e s of b o t h t h e l i g a n d s a r e v e r y 
c l o s e to t h o s e c a l c u l a t e d for t h e m e t a l in an o c t a h e d r a l 
e n v i r o n m e n t of l i g a n d s . T h e v a l u e of l O D q , B and jP h a v e a l s o 
been d e t e r m n i n e d in c a s e w h e r e p o s s i b l e . 
T h e sixth c h a p t e r d e a l s w i t h t h e s y n t h e s i s of 1,3 
b e n z o x a z o l y l ( 2 , 4 , 6 p y r i m i d i n e t r i o n e ) and e l e v e n new 
c o m p l e x e s from i t . T h e s e h a v e b e e n c h a r a c t e r i z e d by 
e l e m e n t a l a n a l y s i s , m e l t i n g p o i n t s , i . r . u v - v i s i b l e and 
m a g n e t i c s u s c e p t i b i l i t y m e a s u r e m e n t s . T h e c o m p l e x e s w h i c h 
a r e f o r m u l a t e d as M X ^ L ^ and M 2 X g L 2 a r e p r e s u m a b l y o c t a h e d r a l 
v^ith t h e m e t a l b e i n g b o u n d to t h e n e u t r a l l i g a n d and t w o 
h a l i d e i o n s . T h e c o m p l e x e s w e r e n o t s o l u b l e in c o m m o n 
o r g a n i c s o l v e n t s . T h e h i g h m e l t i n g p o i n t s -and i n s o l u b i l i t y 
of t h e c o m p l e x e s in u s u a l o r g a n i c s o l v e n t s s h o w s t h a t t h e y 
a r e p o l y m e r i c in n a t u r e . 
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CHAPTER - I 
Introduction 
INTRODUCTION 
A h e t e r o c y c l i c c o m p o u n d is o n e w h i c h p o s s e s s e s a c y c l i c 
s t r u c t u r e w i t h at l e a s t t w o d i f f e r e n t t y p e of a t o m s in t h e 
r i n g . T h e m o s t c o m m o n t y p e of h e t e r o c y c l i c c o m p o u n d s 
c o m p r i s e m a i n l y c a r b o n a t o m s a l o n g w i t h t h e h e t e r o a t o m / a t o m s . 
T h e h e t e r o a t o m s a r e u s u a l l y n i t r o g e n , o x y g e n o r s u l p h u r in 
t h e h e t e r o c y c l i c l i g a n d s b u t m a n y o t h e r e l e m e n t s i n c l u d i n g 
even b r o m i n e are a l s o k n o w n to be p a r t of t h e r i n g . T h e 
h e t e r o c y c l i c c o m p o u n d s a r e w i d e l y d i s t r i b u t e d in n a t u r e and 
a r e e s s e n t i a l to life in v a r i o u s w a y s . P y r i d i n e , p y r o l e , 
f u r a n and t h i o p h e n e a r e a r o m a t i c h e t e r o c y c l e s t h a t can be 
e x t r a c t e d f r o m c o a l t a r . S e v e r a l of the o t h e r n a t u r a l l y 
o c c u r r i n g and s y n t h e t i c a l l y i m p o r t a n t c o m p o u n d s a l s o c o n t a i n 
h e t e r o c y c l i c r i n g s e g . t h e m e m b e r s of v i t a m i n B c o m p l e x 
g r o u p , the a l k a l o i d s , some a n t i b i o t i c s , h a e m i n , c h l o r o p h y l l , 
o t h e r p l a n t p i g m e n t s , a m i n o a c i d s , d y e s , d r u g s , e n z y m e s and 
g e n e t i c m a t e r i a l s like D N A e t c . 
P y r o l e is s p e c i a l l y i m p o r t a n t a m o n g a l l the f i v e 
m e m b e r e d h e t e r o c y c l i c c o m p o u n d s b e c a u s e its n u c l e u s o c c u r s 
in s e v e r a l i m p o r t n a t n a t u r a l p r o d u c t s . 
A n o t h e r h e t e r o c y c l i c m o l e c u l e i n d o l o w e s its i m p o r t a n c e 
to its p r e s e n c e in p l a n t g r o w t h h o r m o n e h e t e r o a u x i n e , in t h e 
C < a m i n o a c i d s ( T r y p t o p h a n ) and in some a l k a l o i d s (viz e r g o t 
(1-2) 
a l k a l o i d s , s t r y c h n i n e and r e s e r p i n e ) found in p l a n t s . 
P y r i d i n e and p i p e r i d i n e h e t e r o c y c l e s a r e f o u n d to be 
p r e s e n t in n u m e r o u s i m p o r t a n t n a t u r a l p r o d u c t s N i c o t i n a m i d e 
and N i c o t i n i c acid a r e a m o n g the i m p o r t a n t c o n s t i t u e n t s of 
V i t a m i n B c o m p l e x . N i c o t i n a m i d e a d e n i n e d i n u c l e o t i d e (NAD) 
and its p h o s p h a t e (NADP) f o r m t h e p r o s t h e t i c p a r t ( c o e n z y m e s ) 
of m a n y e n z y m e s w h i c h are i n v o l v e d in o x i d a t i o n - r e d u c t i o n 
p r o c e s s e s in l i v i n g o r g a n i s m s . S u l p h a p y r i d i n e was t h e m o s t 
f a m o u s d r u g of t h e l a s t q u a r t e r c e n t u r y . It is p a r t i c u l a r l y 
e f f e c t i v e a g a i n s t p n e u m o c o c c i b u t has a d v e r s e side e f f e c t s . 
N i c o t i n d i e t h y l a m i d e is a p o w e r f u l c a r d i a c o r c i r c u l a t o r y 
f a i l u r e d r u g and is a l s o u s e d in c a r b o n - m o n o x i d e p o i s o n i n g . 
T h e d r u g d o e s n o t p o s s e s s any u n d e s i r a b l e a f t e r e f f e c t s . 
I s o n i a z i d has been used in t h e t r e a t m e n t of t u b e r c l o s i s . 
V a r i o u s a l k a l o i d s a l s o p o s s e s s t h e p y r i d i n e n u c l e u s e g . 
c o n i i n e , r i c i n i n e and n i c o t i n e . ^ ^ ^^ R e c e n t l y it has b e e n 
s h o w n t h a t p r e s e n c e of p l a n a r l i g a n d s l i k e p y r i d i n e in t r a n s 
[ P t C l 2 ( p y ) 2 ] g r e a t l y e n h a n c e s the c y t o t o x i c i t y of t h i s 
c o m p o u n d and it is at l e a s t e q u i v a l e n t if not s u p e r i o r to 
c i s p l a t i n in t r e a t m e n t of c e r t a i n k i n d s of t u m o u r e g . m u r i n e 
t u m o u r . ^ ^ ^  
Q u i n o l i n e m o l e c u l e is o b t a i n e d by t h e f u s i o n of b e n z e n e 
and a p y r i d i n e r i n g and t h u s it b e a r s t h e same r e l a t i o n s h i p 
to p y r i d i n e as n a p t h a l e n e d o e s to b e n z e n e . Q u i n o l i n e n u c l e u s 
is f o u n d in v a r i o u s t y p e s of o r g a n i c c o m p o u n d s viz c i n c h o n a 
a l k a l o i d s , c h e m o t h e r a p e u t i c a g e n t s and a n a l y t i c a l r e a g e n t s . 
C i n c h o n a a l k a l o i d s are q u i n o l i n e d e r i v a t i v e s w h i c h o c c u r in 
c i n c h o n a b a r k . T w o i m p o r t a n t c i n c h o n a a l k a l o i d s a r e q u i n i n e 
and c i n c h o n i n e . 8 - h y d r o x y - q u i n o l i n e is a l s o a good 
a n t i s e p t i c . V a r i o u s c o m m e r c i a l l y v a l u a b l e d y e s t u f f s p o s s e s s 
t h e q u i n o l i n e n u c l e u s but t h e s e d y e s a r e m o r e i m p o r t a n t as 
p h o t o g r a p h i c s e n s i t i s e r s d u e to t h e i r i n s t a b i l i t y to l i g h t 
than as dyes for f a b r i c s . Q u i n o l i n e y e l l o w is used as d y e 
for t e x t i l e s . Q u i n o l i n e b l u e e t h y l red d y e , p s e u d o c y a n i n o 
d y e s and s e n s i t o l red d y e a r e s o m e o t h e r m o r e i m p o r t a n t o n e s 
w h i c h are w i d e l y u s e d . I s o q u i n o l i n e is i s o m e r i c w i t h 
q u i n o l i n e and is a l w a y s p r e s e n t w i t h q u i n o l i n e in c o a l tar 
and b o n e o i l . T h e i s o q u i n o l i n e n u c l e u s is f o u n d in a l a r g e 
n u m b e r of a l k a l o i d s e g . p a p a v e r i n e , l a n d a n o s i n e , n a r c o t i n e , 
b a r b i t u r i c a c i d and e m e t i n e , b e n z o q u i n o l i n e or d i b e n z o p y r i -
d i n e k n o w n as a c r i d i n e s . A c r i d i n e is f o u n d to be the p a r e n t 
s u b s t a n c e of a n u m b e r of d y e s and a n t i s e p t i c s . 
I m i d a z o l e , p y r a z o l e , b e n z i m i d a z o l e and b e n z o p y r a z o l e 
h e t e r o c y c l e s h a v e t h e i r i m p o r t a n c e in b i o l o g i c a l a p p l i c a -
t i o n s . ^ ^^ I m i d a z o l e n u c l e u s is f o u n d in a v a r i e t y of n a t u r a l 
p r o d u c t s viz a m i n o a c i d s and p e p t i d e s in p u r i n e s and 
a l k a l o i d s . H i s t i d i n e ( c<.-amino-;S-imidazyl p r o p i n o n i c a c i d ) , 
h i s t a m i n e ( ^ - i m i d a z y l e t h y l a m i n c ) and d i p e p t i d e s c a r n o s i n e 
and a n s e r i n e a r e o t h e r e x a m p l e s of n a t u r a l p r o d u c t s 
( 8) 
p o s s e s s i n g i m i d a z o l e r i n g . 
H i s t a m i n e is found in the f r e s h n u c l e u s m e m b r a n e of the 
s m a l l i n t e s t i n e . It is f o r m e d from h i s t i d i n e by b a c t e r i a l 
p u t r e f a c t i o n and is b e l i e v e d t o be r e s p o n s i b l e for c e r t a i n 
a l l e r g i c r e a c t i o n s such as A s t h m a . H i s t a m i n e is a l s o f o u n d 
to be p r e s e n t in e r g o l p r e p a r a t i o n , w h e r e it is b e l i e v e d to 
be c o n c e r n e d w i t h the a c t i v i t y of the d r u g . T h e a l k l o i d 
p i l o c a r p i n e p r e s e n t in J a b o r a n d i l e a v e s is a d e r i v a t i v e of 
N - m e t h y l - i m i d a z o l e . 
T h i o - h e t e r o c y c l i c c o m p o u n d s h a v e t h e ring c o m p o s e d of 
c a r b o n o x y g e n and s u l p h u r l i k e t h i a z o l e . T h i a z o l e and t h e i r 
d e r i v a t i v e s a r e f o u n d in c e r t a i n n a t u r a l p r o d u c t s viz 
V i t a m i n B ^ ( t h i a m i n e ) and t h e p e n i c i l l i n s . S u l p h a t h i a z o l e is 
a l s o a d e r i v a t i v e of t h i a z o l e w h i c h is u s e d as a d r u g . 
Six m e m b e r e d r i n g s c o n t a i n i n g t w o h e t e r o a t o m s a r e 
0 - d i a z i n e ( p y r i d a z i n e ) , p y r i m i d i n e and p y r a z i n e . P y r i d a z i n e 
c o m p o u n d s a r e of some i m p o r t a n c e as t h e s e are u s e d as a 
s e l e c t i v e p l a n t g r o w t h i n h i b i t o r . A few p y r a z i n e s are 
n a t u r a l p r o d u c t s and o t h e r s a r e i m p o r t a n t s y n t h e t i c d r u g s 
e g . s u l p h a p y r a z i n e and c h l o r o c y c l i z i n e ( A n t i h i s t a m i n e 
d r u g ) . 
R e c e n t l y a l a r g e n u m b e r of b i o l o g i c a l l y a c t i v e p y r i m i -
d i n e d e r i v a t i v e s h a v e b e e n s y n t h e s i z e d in w h i c h p y r a z o l o 
(9) 
p y r i m i d i n e e x h i b i t s a n t i t h r o m b o t i c a c t i v i t y . T h e y a r e 
used as a n t i m i c r o b i a l , a n t i b a c t e r i a l and a n t i m a l a r i a l 
d r u g s . ^ ^ ^ ^ S o m e p y r i m i d i n y l u r e a s and t h i o u r e a s h a v e b e e n 
shown to a c t as e f f e c t i v e h e r b i c i d e s . ^ ^ ^ ^^^ F l o u r i n a t e d 
p y r i m i d i n e s a r e u s e f u l in c a n c e r c h e m o t h e r a p y . ^ ^ ^ ^ S e v e r a l 
p y r i m i d i n e s e g . c y s t o s i n e , u r a c i l and t h i a m i n e h a v e b e e n 
i s o l a t e d from the n u c l e i c acid h y d r o l y s a t e s . N u c l e i c a c i d s 
are e s s e n t i a l c o n s t i t u e n t s of a l l c e l l s a n d l i v i n g m a t t e r . 
C y s t o s i n e is found to be p r e s e n t in b o t h t y p e s of 
n u c l e i c acid e g . r i b o n u c l e i c a c i d (RNA) and d e o x y r i b o n u c l i c 
a c i d (DNA) w h i l e u r a c i l is p r e s e n t only in R N A and t h i a m i n e 
o n l y in D N A . P y r i m i d i n e r i n g is a l s o f o u n d in v i t a m i n e B^^, 
b a r b i t u r i c acid and its s e v e r a l d e r i v a t i v e s e g . v e r o n a l 
w h i c h a r e u s e d as h y p n o t i c s . P l a t i n u m c o m p l e x of b a r b i t u r i c 
(14) 
acid is used as a n t i t u m o u r a g e n t . T h e 5,5 s u b s t i t u t e d 
d e r i v a t i v e s of b a r b i t u r i c a c i d are a l s o w e l l k n o w n c h e m o t h e -
r a p t e n t i c a g e n t s . 
Fuse d d i a z i n e h e t e r o c y c l e s are a l s o very i m p o r t a n t e g . 
p u r i n e s and p t e r i d i n e s . T h e p t e r i d i n e n u c l e u s o c c u r s in the 
p i g m e n t s of b u t t e r f l y w i n g s such as x a n t h o p t e r i n f o l i c acid 
(growth f a c t o r ) , v i t a m i n B^ and c o e n z y m e f l a v i n - a d e n i n e - d i -
n u c l e o t i d e . 
P y r i d i n e - 2 - t h i o l a l s o k n o w n as 2 - m e r c a p t o p y r i d i n e 
c o n t a i n i n g the - N ( H ) - C ( C = S ) - c h r o m o p h o r e b e l o n g s to the 
c a t e g o r y of some i m p o r t a n t b i o l o g i c a l c o m p o u n d s . ^ ^ ^ ^ 
I n c l u d e d in t h i s c l a s s of c o m p o u n d s a r e the a n a l o g u e s of 
p u r i n e and p y r i m i d i n e b a s e . S i n c e t h e k e t o form of p y r i d i n e -
2 - t h i o l is c o n s i d e r e d as a m o d e l c o m p o u n d for 6 - t h i o g u a n o s i n 
( 2 - a m i n o - 1 , 2 - d i h y d r o - 9 ^ - D - r i b o f u r a n o s y l - 6 H - p u r i n e - 6 - t h i o n e ) , 
it f i n d s use in p r e p a r i n g and t e s t i n g c l i n i c a l l y u s e f u l 
d r u g s . 
M a n y t r a n s i t i o n m e t a l c o m p l e x e s of p y r i d i n e - 2 - t h i o l 
h a v e b e e n r e p o r t e d . I m p o r t a n t a m o n g them b e i n g t h e [RuCl 
( P y S ) ( P y S H ) ( P P h ^ ) ^ ] [ P y S H = P y r i d i n e - 2 - t h i o l and P y S = d e p r o t o -
nated p y r i d i n e - 2 - t h i o l ] w h i c h was r e p o r t e d by G i l b e r t and 
W i l k i n s o n ^ ^ ^ ^ and f o r m u l a t e d as a d i m e r . some o t h e r 
ruthenium d e r i v a t i v e s e g . [ Ru ( PyS) 2 (CgHj^2 ^  ^ ( 
o c t a - 1 5 d i e n e ) R u ( P y S ) ( P P h ^ ) 2 have a l s o been p r e p a r e d 
r e c e n t l y . M e t a l c o m p l e x e s of 
c a d m i u m ^ ^ ^ ^ m e r c u r y ^ ^ t i t a n i u m ^ ^ ^ ^ m o l y b d e n u m ^ ^ 
t u n g s t e n ^ 2 6 ) ^ iron^^S)^ c o b a l t ^ 2 9 - 3 0 ) ^ n i c k e l ( 3 1 ^ s i l v e r ^ ^ ^ ) 
(23) (22) (32-33) 
lead , t i n , b i s m i t h and p l a t i n u m and for at 
(34 ) 
least one f b l o c k m e t a l m a i n l y u r a n i u m have been 
r e p o r t e d with PySH or P y S . 
S t u d i e s of the c o o r d i n a t i o n of C u ( l ) to n e u t r a l t h i o n e 
and d e p r o t o n a t e d t h i o l a t e give i n s o l u b l e c o m p l e x e s of the 
g e n e r a l formula [ C u X ( C ^ H ^ N S ) ^ ] (X=C1, Br or I, n=2 or 3) and 
C U ( C 5 H ^ N S ) and [ Cu (C^H^NS ) (f Ph^ ) ] . The c o m p l e x [ Cu (C^H^NS ) 3 ] 
has been shown by X - r a y c r y s t a l l o g r a p h i c s t u d i e s to have a 
d i s t o r t e d t r i g o n a l c o n f i g u r a t i o n a b o u t the c o p p e r c e n t r e 
d e f i n e d by three S - d o n o r a t o m s . T h e c o m p l e x c a t i o n [ Cu (C^H^NS) ^  ] 
has the c o p p e r atom t e t r a g o n a l l y c o o r d i n a t e d by four S - d o n o r 
atom^^^^ and the c o m p l e x [ C U 2 ( C ^ H ^ N S ) g ] C I 2 e x i s t s as a d i m e r 
as a r e s u l t of two b r i d g i n g C ^ H ^ N S l i g a n d . The c r y s t a l 
s t r u c t u r e of m i x e d ligand c o m p l e x ( C u C l ( C ^ H ^ N S ) ( P P h ^ ) 2 ] has 
a l s o been reported.^ ^ ^ ^  T h e F e ( I I ) c o m p l e x e s are h o w e v e r 
r e p o r t e d to be the t e t r a h e d r a l Fe X 2 ( L H ) 2 t y p e (X=C1, Br) 
w h e r e PySH is c o o r d i n a t e d to iron t h r o u g h the t h i o n e S a t o m . 
S i n c e c o o r d i n a t i o n by the t h i o l a t o f u n c t i o n a l g r o u p is w e l l 
d o c u m e n t e d in F e ( I I ) c h e m i s t r y , it is r a t h e r s u r p r i s i n g 
F i g u r e I 
(B) 
t h a t n o F e d l ) c o m p l e x of P y 2 S H is r e p o r t e d w h e r e the l i g a n d 
is b o u n d to t h e m e t a l c e n t r e t h r o u g h t h e p y r i d i n e N and 
t h i o l a t o S a t o m s . T e t r a e t h y l a m m o n i u m t r i e ( p y r i d i n e - 2 -
t h i o l a t o ) f e r r a t e (II) , vi/hich is t h e f i r s t o c t a h e d r a l c o m p l e x 
of F e ( I I ) w i t h all t h r e e P y 2 S H l i g a n d s in the b i d e n t a t e 
' t h i o l a t e ' form has a l s o been p r e p a r e d . ^  ^ 
D u r i n g the l a s t few y e a r s w e h a v e b e e n i n t e r e s t e d in 
t h e study of i n t e r a c t i o n of o r g a n i c c o r r o s i o n i n h i b i t o r s 
such as 2 - m e r c a p t o b e n z o t h i a z o l e and i n d a z o l e w i t h m e t a l l i c 
c o p p e r s u r f a c e s . T h e c h e m i s t r y of t h e s e l i g a n d s has a l s o 
s h o w n a v a s t p o t e n t i a l in t h e f i e l d of b i o i n o r g a n i c s . R e c e n t 
d e v e l o p m e n t s in c o p p e r t h i o l and c o p p e r i n d a z o l e c l u s t e r 
c h e m i s t r y p r o v i d e s e v e r a l new c o m p o u n d s w h i c h seem q u i t e 
( 3 8 - 4 0 ) 
i n t e r e s t i n g T h e u s e of 2 - m e r c a p t o b e n z o t h i a z o l e as a 
a n a l y t i c a l r e a g e n t a n d of its c o m p l e x e s in i n d u s t r y and 
( 4 1 - 4 4 ) 
m e d i c i n e has b e e n k n o w n for a long t i m e . T h e 
o . 
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F i g u r e III 
s t r u c t u r e of its c o m p l e x e s w i t h m e t a l ion has b e e n i n v e s t i -
g a t e d u s i n g v a r i o u s p h y s i c a l t e c h n i q u e s . 
A s e a r c h of t h e l i t e r a t u r e s h o w s t h a t the c h e m i s t r y of 
t h e i n t e r a c t i o n of 2 - m e r c a p t o b e n z o t h i a z o l e w i t h t r a n s i t i o n 
m e t a l c o m p l e x e s has b e e n s t u d i e d . T h e u s e of m e r c a p t i d e s f o r 
s e p a r a t i o n of t h e p l a t i n u m g r o u p e l e m e n t s h a s a l s o b e e n 
(45) 
r e p o r t e d . T h i s c o m p o u n d m a y e x i s t e i t h e r in t h i o n e or in 
t h i o l f o r m ( F i g u r e I I ) . H o w e v e r , it is a s s u m e d h e r e t h a t in 
s o l u t i o n it is b e h a v i n g as a t a u t o m e r r a t h e r than in any o n e 
( 4 6 - 4 7 ) 
p a r t i c u l a r f o r m ( F i g u r e I I I ) . It is e v i d e n t t h a t in 
the l i g a n d m o l e c u l e t h e r e a r e o n l y t w o b o n d i n g s i t e s , t h e 
t h i o c a r b o n y l s u l p h u r a t o m and the n i t r o g e n a t o m . S i n c e t h e 
l o n e p a i r s on t h e s u l p h u r a t o m p r e s e n t in t h e s k e l e t o n of 
the ring a r e i n v o l v e d in the r e s o n a t i n g s t r u c t u r e s of t h e 
m o l e c u l e , it is e x p e c t e d t h a t it s h o u l d h a v e v e r y w e a k c o -
o r d i n a t i n g a b i l i t y . ^ ^ It is t h e r e f o r e r e a s o n a b l e to 
a s s u m e t h a t it w i l l n o t c o o r d i n a t e v/ith t h e m e t a l i o n s . O u t 
of t h e r e m a i n i n g two b o n d i n g s i t e s on t h e l i g a n d m o l e c u l e 
o n l y o n e m a y c o o r d i n a t e w h e n t h e l i g a n d a c t s as m o n o d e n t a t e 
b u t in some c o m p l e x e s it a c t s as a b i d e n t a t e o n e i n v o l v i n g 
b o t h s i t e s . 
T h e c h e m i s t r y of I n d a z o l e is of g r e a t r e l e v a n c e in the 
f i e l d of b i o i n o r g a n i c s . ^ ^ ^ ^^^ I n d a z o l e (Figure - I V A ) is an 
i s o m e r of the b i o l o g i c a l l y a c t i v e m o l e c u l e b e n z i m i d a z o l e 
( 54) 
( F i g u r e - I V B ) . I n d a z o l e and its d e r i v a t i v e s h a v e b e e n 
f o u n d to be u s e f u l in the s y n t h e s i s of d y e s . T h e c o o r d i n a -
10 
tion b e h a v i o u r of i n d a z o l e and its d e r i v a t i v e s w i t h t r a n s i -
tion m e t a l s has been e x t e n s i v e l y s t u d i e d in t h e s e l a b o r a t o -
(55-58) r i e s . 
F i g u r e IV 
B a r b i t u r i c acid and s u c c i n i m i d e are o x y g e n and n i t r o g e n 
c o n t a i n i n g ligands r e s p e c t i v e l y . B a r b i t u r i c acid is an 
a n a l o g u e of p y r i m i d i n e , w h i c h is h a v i n g d i f f e r e n t c o o r d i n a -
tion s i t e s . It exists in two t a u t o m e r i c forms C and D as 






F i g u r e XIII 
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H o w e v e r on the b a s i s of h a l o g e n a t i o n r e a c t i o n s it has 
been s h o w n to e x i s t p r e d o m i n a n t l y in the f o r m C . 
F a i r l y g o o d d e a l of w o r k on i n d a z o l e , i m i d a z o l e , p y r a -
z o l e , i n d o l , 2 - m e r c a p t o b e n z o t h i a 2 o l e and t h e i r d e r i v a t i v e s 
h a s been r e p o r t e d f r o m this l a b o r a t o r y in t h e l a s t t w o 
d e c a d e s . T h e s e o r g a n y l b o r a t e s w i t h v a r y i n g c o m p o s i t i o n h a v e 
been s t u d i e d w i t h a v i e w to l o c a t i n g the m o d e of c o o r d i n a -
tion in the c o m p l e x e s f o r m e d and i n v e s t i g a t i n g t h e i r p h y s i c o 
u • 1 (59-65) 
c h e m i c a l p r o p e r t i e s . 
In t h e p a s t ten y e a r s a n u m b e r of c o m p o u n d s of t h e s e 
h e t e r o c y c l i c s y s t e m s h a v e b e e n p r e p a r e d and t h e f o r m a t i o n of 
c h e l a t e c o m p o u n d s from t h e s e l i g a n d h a v e b e e n r e p o r t e d . ^ ^ ^ ^^^ 
T h e r e h a v e b e e n m a n y a r t i c l e s d e t a i l i n g the s y n t h e s i s and 
c h a r a c t e r i z a t i o n of m e t a l c o m p l e x e s b o u n d t h r o u g h n o v e l 
n i t r o g e n a r o m a t i c h e t e r o c y c l i c l i g a n d s . ^ ^ ^ ^^^ L i g a n d s w i t h 
m u l t i p l e n i t r o g e n s i t e s t h a t a r e - c o o r d i n a t i n g a r e u t a l i z e d 
in t h e f o r m a t i o n of b i a n d p o l y m e t a l l i c m e t a l - l i g a n d 
(74) 
c o m p l e x e s w i t h a p p l i c a t i o n s as o l i g o m e r m e t a l c o m p l e x e s , 
rgy tr; 
( 7 8 - 8 0 ) 
as i n t r a m o l e c u l a r e n e a n s f e r c e n t e r s ^ ^ ^ 77)^ ^ ^ ^^^ 
s o l v a t o c h r o m i c s t u d i e s . 
R e c e n t l y m a n y p a p e r s d e t a i l i n g the s y n t h e s i s and c h a -
r a c t e r i z a t i o n of m e t a l c o m p l e x e s f r o m n o v e l a r o m a t i c n i t r o -
gen h e t e r o c y c l i c l i g a n d s h a v e a p p e a r e d . T h e u n u s u a l b e h a v i o u r 
of Ru(bpy;P^ ( b p y = b i p y r i d i n e ) as e l e c t r o n t r a n s f e r c a t a l y s t 
in p h o t o i n d u c e d r e a c t i o n has a r o u s e d m u c h i n t e r e s t in t h e 
c h e m i s t r y of t h e c o m p l e x e s of s i m i l a r b i h e t e r o c y c l i c l i g a n d s 
12 
(81-83) 
with v a r i o u s m o d i f i c a t i o n . 
M a n y p y r a z o l e d e r i v e d l i y a n d s are of i n t e r e s t . M o r e 
i m p o r t a n t a m o n g them are N , N ' - c h e l a t i n y b i h e t e r o a r o m a t i c 
l i g a n d s such as 3,5 d i m e t h y l - 1 - ( 2 - p y r i d y l ) p y r a 2 o l e (DMPP), 
3 , 5 - d i m e t h y l - l - ( 2 - 2 - p y r i m i d y l ) p y r a z o l e ( D M P ' P ' ) , 3,5-
d i m e t h y l - 1 ( 2 - p y r a z i n e ) p y r a z o l e and ( 2 - p y r i d y l ) t r i o z o l e 
(84—86) 
(Figure V I ) have been r e c e n t l y s t u d i e d . C o m p l e x e s of 
a n u m b e r of r e l a t e d h e t e r o a r o m a t i c l i g a n d s such as 2-
( 2 - p y r i d y l ) t h i a z o l e (Pyth)^'^^^ 2 - 2 ' b i t h i a z o l e (bth)^®^"®®^ 
2-( 2 ' - p y r a z i n e ) t h i a z o l e (Pzth) ^  , 2-(2-pyridyl )oxo2ole(Pyox) 
( D M P P ) (DMP"P'5 
( D M P Z P ) 
F i g u r e V I 
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2 , 2 ' - b i p y r a z i n e ( b p z ) ("78,7 9 , 9 1 ) ^ d i p y r ido ( 2 , 3-a , 2 ' , 3 ' - h ) p h e n a 
z i n e ( d p o p ) , 4 ' , 7 ' - p h e n a n t h r o l i n o - 5 ' , 6': 5 , 6 - p y r a z i n e ( p p z ) , 
6,7 d i m e t h y l 2 , 3 - b i s ( 2 - p y r i d y 1 ) q u i n o x a l i n e ( d d p q ) and 2 , 3 - b i s 
(9 2-9 4) 
( 2 - p y r i d y l ) p y r a z i n e ( b p p z ) ' ( F i g u r e - V I I ) w i t h t r a n s i -
tion m e t a l h a v e a l s o been s t u d i e d . 
(pyth) (Pzth) 
I / H \ 
(bth) 
r ^ N N 
( p y o x ) 
n'/ V N 
.N- T Z I N 
\\ // 
(ddpq) 
F i g u r e 
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Synthesis and characterization of complexes of 





Complexes of 2-(l-lnclazolyl)pyrimlcline 
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Experimental 
M a t e r i a l a n d m e t h o d s 
I n d a z o l e ( F l u k a ) , s o d i u m h y d r i d e ( 8 0 % s u s p e n s i o n in o i l ) 
2 - b r o m o p Y r i d i n e , 2 - b r o m o p y r i m i d i n e , 2 - b r o m o b e n z o x a z o l e and 
2 - b r o m o b e n z o t h i a z o l e ( A l d r i c h ) w e r e u s e d as s u c h . M e t a l 
c h l o r i d e (BDH and J o h n s o n M a t h e y ) w e r e'Used as r e c e i v e d . 
P r e p a r a t i o n of s o d i u m i n d a z o l i d e 
I n d a z o l e (4.0 g ) w a s a d d e d to a s u s p e n s i o n of s o d i u m 
h y d r i d e (1.66 g of 80% s u s p e n s i o n in o i l ) in dry t e t r a -
h y d r o f u r a n (100 m L ) and t h e r e s u l t i n g m i x t u r e w a s s t i r r e d 
u n d e r r e f l u x for 24 h o u r s and t h e n p o u r e d i n t o 200 m L w a t e r . 
T h e c r u d e p r o d u c t w h i c h p r e c i p i t a t e d f r o m t h i s s o l u t i o n w a s 
p u r i f i e d by c o l u m n c h r o m a t o g r a p h y on s i l i c a gel u s i n g C H C l ^ 
and h e x a n e , to g i v e c o l o u r l e s s c r y s t a l s . Y i e l d 30% M . P . 
1 4 0° C . 
P r e p a r a t i o n of 2 - ( l - i n d a z o l y l ) p y r i m i d i n e 
2 - b r o m o p y r i m i d i n e (1.96 g) and s o d i u m i n d a z o l i d e 
(2.42 g ) in 1 : 1 m o l a r r a t i o w e r e t a k e n t o g e t h e r a n d r e f l u x e d 
w i t h s t i r r i n g in d r y t e t r a h y d r o f u r a n (150 m L ) f o r 24 h o u r s . 
T h e s o l u t i o n w a s t h e n p o u r e d i n t o 50 m L w a t e r . A c r u d e 
p r o d u c t p r e c i p i t a t e d f r o m the s o l u t i o n w h i c h w a s p u r i f i e d by 
c o l u m n c h r o m a t o g r a p h y on s i l i c a gel u s i n g c h l o r o f o r m and 
h e x a n e ( 1 : C H C l ^ : h e x a n e ) . Y i e l d 6 0 % , M . P . 170°C. 
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P r e p a r a t i o n of t h e c o m p l e x e s 
A m i x t u r e of e t h a n o l i c s o l u t i o n of 2 - ( 1 - i n d a z o l y l ) 
p y r i m i d i n e and m e t a l c h l o r i d e in 1:2 or 1:3 (MtL)) r a t i o w a s 
s t i r r e d u n d e r r e f l u x for 12 h o u r s on a w a t e r b a t h . It w a s 
k e p t o v e r n i g h t at r o o m t e m p e r a t u r e w h e n it y i e l d e d a 
c o l o u r e d p o w d e r w h i c h w a s w a s h e d w i t h e t h a n o l a n d d r i e d 
u n d e r v a c u o . T h e r e a c t i o n m a y be r e p r e s e n t e d as b e l o w : 
(where M = M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( l l ) Z n ( l l ) and P d ( I I ) 
(where M = R u ( I I I ) and R h ( I I I ) 
16 
Results and discussion 
2 - ( l - i n d a z o l y l ) p y r i m i d i n e m a y a c t as m o n o b i d e n t a t e or 
b i s b i d e n t a t e ( b r i d g i n g ) l i g a n d . It is v e r y s i m i l a r t o b i p y -
r i d i n e ( F i g u r e - i x )• 
In a d d i t i o n the l i g a n d 2 - ( l - i n d a z o l y l ) p y r i m i d i n e 
o f f e r e d the p o s s i b i l i t y of f o r m i n g a six m e m b e r e d ring by 
c h e l a t i n g t h r o u g h n i t r o g e n a t o m of p y r i m i d i n e a t p o s i t i o n - 1 
and c a r b o n a t o m of i n d a z o l e at p o s i t i o n - 7 . 
T h e c o m p l e x e s a r e s t a b l e to h e a t and m o i s t u r e . T h e y d o 
n o t u n d e r g o o x i d a t i o n or r e d u c t i o n , t h e y a r e s o l u b l e in D M S O , 
THF and n i t r o g e n z e n e . T h e low m o l a r c o n d u c t a n c e of t h e 
c o m p l e x e s in D M S O and n i t r o b e n z e n e i n d i c a t e s t h e i r n o n -
(85) 
e l e c t r o l y t e n a t u r e . T h e s u b s t i t u t i o n of t h e c h l o r i d e 
ions in t h e c o m p l e x e s M L 2 C I 2 (where L = 2 - ( l - i n d a z o l y l ) p y r i m i -
d i n e , M = M n C l 2 / C0CI2/ NiCl2/ C U C I 2 and Z n C l 2 ) by p y r i d i n e in 
D M S O s o l u t i o n w a s s t u d i e d and it was f o u n d t h a t b o t h t h e 
c o o r d i n a t e d c h l o r i d e ions in t h e c o m p l e x e s w e r e r e p l a c e d by 
p y r i d i n e . T h i s r e p l a c e m e n t has b e e n f o l l o w e d c o n d u c t o m e t r i -
c a l l y . T h e r e is a s h a r p i n c r e a s e in c o n d u c t a n c e by t h e 
a d d i t i o n of p y r i d i n e and c o n s e q u e n t r e l e a s e of c h l o r i d e ion 
f r o m the c o m p l e x e s . 
M L 2 C I 2 + py f [ML2Clpy]"^ + Cl~ 
[ML2Clpy]"^ + py ^ [ M L 2 P y 2 + C l " 
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T h e r e is a n o t h e r i n c r e a s e w h e n the second c h l o r i d e ion 
is s u b s t i t u t e d by p y r i d i n e and t h e r e a f t e r f u r t h e r a d d i t i o n 
of p y r i d i n e does not m a k e any c h a n g e in c o n d u c t a n c e . 
T h e infrared s p e c t r u m of s o d i u m i n d a z o l i d e d o e s not 
show any ^^N-H a b s o r p t i o n in the 3 3 0 0 - 3 5 0 0 cm ^ region 
c o n f i r m i n g t h a t the a n i o n i c h y d r o g e n atom of the i n d a z o l e 
has been r e p l a c e d by sodium a t o m . 
In 2 - ( 1 - i n d a z o l y l ) p y r i m i d i n e the C=N a b s o r p t i o n bands 
are s h i f t e d to lower f r e q u e n c i e s as c o m p a r e d to those sodium 
i n d a z o l i d e (Table I I ) . In the i . r . spectra of the c o m p l e x e s , 
the 2yC=N and iJC=C are shifted to l o w e r v a l u e by a p p r o x i -
n-
(95) 
m a t e l y 10 cm ^ and 20 cm ^ r e s p e c t i v e l y , i n d i c a t i n g s u b s t a
tial c o v a l e n t b o n d i n g b e t w e e n the n i t r o g e n and m e t a l i o n s . 
Some very w e a k new b a n d s in the 4 0 0 - 3 8 0 cm ^ r e g i o n , in the 
spectra of the c o m p l e x e s may be a s s i g n e d to the m e t a l 
n i t r o g e n s t r e t c h i n g f r e q u e n c i e s . ^ ^ ^ ^ 
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Electronic spectra 
U V - v i s s p e c t r u m of M n ( I I ) c o m p l e x of 2 - ( 1 - i n d a z o l y l ) -
p y r i m i d i n e shov/s t h r e e m a i n b a n d s in a d d i t i o n t o a c h a r g e 
t r a n s f e r o n e . T h e b a n d s o b s e r v e d at 1 7 , 4 8 0 c m ~ ^ , 2 3 , 3 3 0 c m ^ 
and 2 5 , 2 0 2 c m ~ ^ m a y be a s s i g n e d to '^T^g(G) * 
(G) ^A, (S) and < (S) t r a n s i t i o n s 
2g Ig Ig ig 
r e s p e c t i v e l y . T h e m a g n e t i c m o m e n t v a l u e of 5.80 BM of t h i s 
c o m p l e x e is c o n s i s t e n t v/ith an o c t a h e d r a l g e o m e t r y of t h e 
c o m p l e x . 
T h e m a g n e t i c m o m e n t v a l u e of 4.72 BM in C o ( I I ) c o m p l e x 
i n d i c a t e s an o c t a h e d r a l g e o m e t r y . T h e C o ( I I ) c o m p l e x 
e x h i b i t e d t w o m a i n b a n d s a t 1 1 , 3 2 0 cm ^ and 1 9 , 3 0 0 cm ^ 
4 4 
r e s p e c t i v e l y a t t r i b u t e d t o T 2 g ( F ) < "^Ig^^^ 
4 4 
T ^ g ( P ) -t T (F) t r a n s i t i o n s . In a d d i t i o n t h e r e is 
o b s e r v e d a c h a r g e t r a n s f e r b a n d at 3 4 , 4 5 0 c m ~ ^ . T h e N i ( I I ) 
c o m p l e x s h o w s a m a g n e t i c m o m e n t v a l u e of 3.11 BM c h a r a c t e r -
i s t i c of an o c t a h e d r a l g e o m e t r y . T h e e l e c t r o n i c s p e c t r u m 
s h o w s an i n t e n s e c h a r g e t r a n s f e r b a n d at 3 3 , 3 4 0 cm ^ in 
a d d i t i o n to t h r e e b a n d s o b s e r v e d a t 9,400 c m ~ ^ , 1 5 , 0 0 0 c m " ^ 
_ 1 3 3 
and 2 4 , 500 c m " r e s p e c t i v e l y a s s i g n a b l e to 
^ T ^ ^ ( F ) < ^"^Ig^^^ ^^^ t r a n s i t i o n s . 
T h e s e d a t a i n d i c a t e an o c t a h e d r a l e n v i r o n m e n t a r o u n d t h e 
n i c k e l i o n . 
T h e m a g n e t i c m o m e n t v a l u e of 1.80 BM for C u ( I I ) c o m p l e x 
c l e a r l y i n d i c a t e s an o c t a h e d r a l g e o m e t r y a b o u t this m e t a l 
i o n . T h e e l e c t r o n i c s p e c t r u m e x h i b i t s c h a r g e t r a n s f e r b a n d 
22 
at 35,000 H o w e v e r , t h e w e a k b a n d o b s e r v e d at 1 4 , 5 0 0 cm ^ 
2 2 a s s i g n e d to T „ E t r a n s i t i o n is c h a r a c t e r i s t i c of an 
2g y 
o c t a h e d r a l g e o m e t r y 
T h e e l e c t r o n i c s p e c t r u m of R u ( I I I ) c o m p l e x shov/s o n e 
s t r o n g b a n d at 1 8 , 3 0 0 c m ~ ^ w h i c h can b e a s s i g n e d to 
2 2 
t r a n s i t i o n . T h e m a g n e t i c m o m e n t v a l u e ( 2 . 2 0 B M ) 
and e l e c t r o n i c s p e c t r u m i n d i c a t e s a n o c t a h e d r a l g e o m e t r y 
a r o u n d R u ( I I I ) i o n . T h e D i m a g n e t i c P d ( I I ) c o m p l e x of 2-
( l - i n d a z o l y l ) p y r i m i d i n e s h o w s t h r e e m a i n b a n d s at 1 7 , 5 0 0 c m " ^ , 
1 9 , 300 cm ^ and 2 1 , 5 5 0 cm ^ a s s i g n a b l e to ^ ^ I g ' 
^Bj^^ < '^^Ig ^ ^ g * ^^Ig ^ s q u a r e p l a n a r 
g e o m e t r y . 
R h ( I I I ) c o m p l e x of 2 - ( 1 - i n d a z o l y l ) p y r i m i d i n e s h o w s f o u r 
c h a r a c t e r i s t i c m a i n b a n d s at 1 1 , 3 4 0 c m ~ ^ , 1 5 , 6 6 0 c m ~ ^ , 
1 9 , 3 3 0 cm ^ and 2 1 , 4 4 0 c m ~ ^ w i t h an i n t e n s e c h a r g e t r a n s f e r 
at 34 , 301) cm ^ s u p p o r t i n g an o c t a h e d r a l g e o m e t r y a r o u n d t h e 
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M = M n ( l l ) , C o ( I I ) , N i ( I I ) , C u ( I I ) and Z n ( I I ) 
F i g u r e X 
Complexes of 2-(l-lnclazolyl)pyridlne 
26 
Experimental 
M a t e r i a l and m e t h o d s 
I n d a z o l e ( F l u k a ) , s o d i u m h y d r i d e (80% s u s p e n s i o n in o i l ) 
2 - b r o m o p y r i d i n e , 2 - b r o m o p y r i m i d i n e , 2 - b r o m o b e n z o x a z o l e and 
2 - b r o m o b e n z o t h i a z o l e ( A l d r i c h ) w e r e u s e d as s u c h . M e t a l 
c h l o r i d e (BDH and J o h n s o n M a t h e y ) w e r e u s e d as r e c e i v e d . 
P r e p a r a t i o n of s o d i u m i n d a z o l i d e 
I n d a z o l e (4.0 g) v/as a d d e d to a s u s p e n s i o n of s o d i u m 
h y d r i d e (1.66 g of 80% s u s p e n s i o n in o i l ) in d r y t e t r a h y d r o -
f u r a n (100 m L ) and t h e r e s u l t i n g m i x t u r e w a s s t i r r e d u n d e r 
r e f l u x for 24 h o u r s and t h e n p o u r e d i n t o 200 m L w a t e r . T h e 
c r u d e p r o d u c t v/hich p r e c i p i t a t e d f r o m t h i s s o l u t i o n w a s 
p u r i f i e d by c o l u m n c h r o m a t o g r a p h y on s i l i c a g e l using C H C l ^ 
and h e x a n e , to g i v e c o l o u r l e s s c r y s t a l s . Y i e l d 3 0 % , M.P. 
140°C. 
P r e p a r a t i o n of 2 - ( l - i n d a z o l y l ) p y r i d i n e 
A m i x t u r e of 2 - b r o m o p y r i d i n e (1.37 m L ) , s o d i u m i n d a z o -
lide (2.42 g) w a s r e f l u x e d in d r y t e t r a h y d r o f u r a n (30 m L ) 
for a b o u t 30 h o u r s and then p o u r e d i n t o 80 m L w a t e r . T h i s 
r e a c t i o n m i x t u r e on c o o l i n g in i c e - b a t h y i e l d e d a c r y s t a l l i n e 
s o l i d v/hich v/as p u r i f i e d by c o l u m n c h r o m a t o g r a p h y on s i l i c a 
o 
gel u s i n g c h l o r o f o r m and h e x a n e . Y i e l d 3 0 % , M . P . 130 C . 
P r e p a r a t i o n of t h e c o m p l e x e s 
T h e c o m p l e x e s of 2 - ( 1 - i n d a z o l y l ) p y r i d i n e w e r e p r e p a r e d 
27 
by m i x i n g t h e m e t a l c h l o r i d e s o l u t i o n (MnCl2* C0CI2/ N i C l 2 / 
C U C I 2 ' ZnCl2/ PdCl2/ R u C l ^ and R h C l ^ ) and t h e l i y a n d 
s o l u t i o n in 1:1 and 1:3 m o l a r r a t i o in d r y e t h a n o l . T h e 
s o l u t i o n w a s h e a t e d on a w a t e r b a t h for 14 h o u r s and t h e n 
a l l o w e d to c o o l to r o o m t e m p e r a t u r e w i t h c o n s t a n t s t i r r i n g 
v/hen a so l id a p p e a r e d . T h e p r e c i p i t a t e s o o b t a i n e d w a s 
w a s h e d w i t h a l c o h o l and d r i e d in v a c u o . T h e c o m p l e x a t i o n 
r e a c t i o n m a y be r e p r e s e n t e d as b e l o w : 
C 1 2 H 9 N 3 + M C I 2 > 
(where M = M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) Z n ( I I ) and H g ( I I ) 
(where = R u ( I I I ) and R h ( I I I ) 
28 
Results and discussions 
T h e c o m p l e x e s are s t a b l e to h e a t and m o i s t u r e . T h e y do 
not u n d e r g o o x i d a t i o n o r r e d u c t i o n . They a r e s o l u b l e in 
c o m m o n o r g a n i c s o l v e n t s such as D M S O , D M F , T H F and n i t r o b e n -
z e n e . E l e m e n t a l a n a l y s i s , c o l o u r , m e l t i n g p o i n t s , m o l a r 
c o n d u c t a n c e s and p e r c e n t y i e l d of t h e s e c o m p l e x e s a r e l i s t e d 
in t a b l e - i V . T h e p r o b a b l e s t r u c t u r e of t h e s e l i g a n d c o m p l e x e s 
is s h o w n in f i g u r e X I I . 
T h a t the s o d i u m i n d a z o l i d e is f o r m e d by t h e r e m o v a l of 
h y d r o g e n f r o m NH g r o u p of i n d a z o l e is i n d i c a t e d by the 
a b s e n c e of any a b s o r p t i o n b a n d in the r e g i o n 3 5 0 0 - 3 1 0 0 cm ^ 
c h a r a c t e r i s t i c of the N-H g r o u p . 
T h e i . r . s p e c t u r m of t h e l i g a n d is s i g n i f i c a n t in the 
'1600-700 cm ^ r a n g e b e c a u s e a l l the c h a r a c t e r i s t i c f r e q u e n -
c i e s lie in t h i s r e g i o n . T h e s h a r p b a n d s a t 1 6 0 0 - 1 5 5 0 c m ~ ^ 
a r e a s s i g n e d to C = C and C = N f r e q u e n c i e s , they a r e n o t e a s i l y 
d i s t i n g u i s h a b l e as they f a l l in the s a m e r e g i o n and are 
q u i e t o f t e n c o u p l e d w i t h e a c h o t h e r . T h e C = C & C = N f r e q u e n c i e s 
of t h e c o m p l e x e s a r e s h i f t e d to l o w e r v a l u e s by a b o u t 2 0 - 1 0 
cm ^ r e s p e c t i v e l y . It is t h e r e f o r e e x p e c t e d t h a t the m e t a l 
m a y be b o n d e d to the n i t r o g e n a t o m of t h e p y r i d i n e as w e l l 
(97) 
as i n d a z o l e m o l e c u l e . 
S o m e new b a n d s o b s e r v e d in all c o m p l e x e s in far i-r 
s p e c t r a in the r e g i o n 4 0 0 - 3 0 0 cm ^ a r e t e n t a t i v e l y a s s i g n e d 
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32 
T h e lov^ m o l a r c o n d u c t a n c e s of the coraplexes in n i t r e 
b e n z e n e and DMSO i n d i c a t e s their non e l e c t r o l y t i c n a t u r e . ^ ^ ^ ^ 
The r e p l a c e m e n t of c h l o r i d e ions in the c o m p l e x e s M L 2 C I 2 by 
p y r i d i n e in DMSO and n i t r o b e n z e n e w a s s t u d i e d c o n d u c t o -
m e t r i c a l l y . It was observecj that the a d d i t i o n of p y r i d i n e 
i n c r e a s e s the c o n d u c t a n c e i n d i c a t i n g r e p l a c e m e n t of the 
c o o r d i n a t e d c h l o r i d e ion by p y r i d i n e (figure X I I ) . F u r t h e r 
a d d i t i o n of p y r i d i n e i n c r e a s e s the c o n d u c t a n c e once again 
r e p l a c i n g the second c h l o r i d e ion of the c o m p l e x e s , as shown 
b e l o w : 
M L 2 C I 2 + py [Ml2PyCl] + Cl" 
[ M L 2 P y C l ] " p y [ M L 2 P y 2 ] ^ ^ 
A d d i t i o n of any excess of p y r i d i n e a f t e r this does n o t 
r e s u l t in any c h a n g e in the c o n d u c t a n c e i n d i c a t i n g t h a t 
there are no m o r e c h l o r i d e ions a v a i l a b l e for r e p l a c e m e n t . 
2 ~ ( l - i n d a z o l y I ) p y r i d i n e 
F i g u r e XIII 
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M = M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) a n d Z n ( I I ) 
M = R u ( l I I ) a n d R h ( I I I ) 
F i g u r e X I I 
34 
E l e c t r o n i c s p e c t r a of 2-(1 - i n d a z o l y l ) p y r i d i n e c o m p l e x e s 
T h e u v - v i s i b l e s p e c t r u m of M n ( I I ) c o m p l e x of 2 - ( l -
i n d a z o l y l ) p y r i d i n e s h o w s t w o b a n d s in a d d i t i o n to a c h a r g e 
t r a n s f e r b a n d at 34, 590 c m ~ ^ (Table - iv) . T h e e x p e r i m e n t a l 
m a g n e t i c m o m e n t of 5.98 BM for M n ( I I ) c o m p l e x is w i t h i n t h e 
c a l c u l a t e d r a n g e for an o c t a h e d r a l g e o m e t r y a r o u n d the m e t a l 
i o n . 
T h e m a g n e t i c m o m e n t v a l u e of C o ( I I ) c o m p l e x of 2 - ( l -
i n d a z o l y l ) p y r i d i n e (4.59 B M ) i n d i c a t e s an o c t a h e d r a l 
g e o m e t r y a r o u n d t h e m e t a l i o n . C o ( I I ) c o m p l e x s h o w s t w o m a i n 
b a n d s at 1 4 , 7 0 5 cm ^ and 2 5 , 7 0 0 cm ^ a s s i g n a b l e to 
' ^ T - ^ ( F ) ' ^ T , ( F ) a n d ' ^ T , ( P ) < ' ^ T , ( F ) t r a n s i t i o n s 
2g Ig Ig Ig 
r e s p e c t i v e l y ( T a b l e - I V ) . In the c a s e of 2 - ( 1 - i n d a z o l y l ) 
p y r i d i n e c o m p l e x of N i ( I I ) t h e o b s e r v e d m a g n e t i c m o m e n t 
v a l u e of 3.12 BM is very c l o s e to c a l c u l a t e d v a l u e for an 
o c t a h e d r a l g e o m e t r y a r o u n d the m e t a l i o n . T h e e l e c t r o n i c 
s p e c t r u m e x h i b i t s t w o b a n d s at 1 1 , 8 0 0 cm ^ and 1 8 , 7 7 0 cm ^ 
c o r r e s p o n d i n g to ^ T 2 g ( F ) ^ A 2 g ( F ) and — ? A 2 g ( F ) 
t r a n s i t i o n s r e s p e c t i v e l y . 
T h e m a g n e t i c m o m e n t v a l u e of 1.77 BM for C u ( I I ) c o m p l e x 
of 2 - ( l - i n d a z o l y D p y r i d i n e is i n d i c a t i v e of an o c t a h e d r a l 
g e o m e t r y a b o u t the m e t a l ion w h i c h is a l s o s u p p o r t e d by t h e 
n a t u r e of the l i g a n d field b a n d s o b s e r v e d in this c a s e 
(Table- J V ) . 
35 
T h e m a g n e t i c m o m e n t of R u ( I I ) c o m p l e x of 2 - ( 1 - i n d a z o l y l 
p y r i d i n e (2.32 B M ) i n d i c a t e s an o c t a h e d r a l g e o m e t r y . T h e 
e l e c t r o n i c s p e c t r u m of R u ( I I ) c o m p l e x d i s p l a y s o n l y o n e b a n d 
a t 1 8 , 3 2 0 c m - 1 a s s i g n e d to t r a n s i t i o n a l s o 
s u p p o r t i n g an o c t a h e d r a l g e o m e t r y a r o u n d t h e m e t a l i o n . 
T h e m a g n e t i c m o m e n t v a l u e s of P d ( I I ) and R h ( I I I ) 
i n d i c a t e t h e m to be d i a m a g n e t i c . T h e e l e c t r o n i c s p e c t r u m of 
P d ( I I ) d i s p l a y s t w o m a i n b a n d s a t 1 8 , 9 0 0 c m ~ ^ and 2 3 , 5 5 0 
cm ^ a s s i g n e d to t r a n i s i t i o n s f r o m g r o u n d s t a t e to 
and e x c i t e d s t a t e s r e s p e c t i v e l y , c h a r a c t e r i s t i c s of a 
s q u a r e p l a n a r c o n f i g u r a t i o n . T h e R h ( I I I ) c o m p l e x s h o w s t h r e e 
m a i n b a n d s ( T a b l e - v i ) c h a r a c t e r i s t i c s of an o c t a h e d r a l 
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Complexes of 2-(l-lnclazolyl)benzoxazole 
37 
Experimental 
P r e p a r a t i o n of 2 - ( 1 - i n d a z o l y l ) b e n z o x a z o l e 
S o d i u m i n d a z o l i d e (2.42 g ) was c a u t i o u s l y a d d e d to a 
s o l u t i o n of 2 - b r o m o b e n z o x a z o l e (2.04 m L ) in d r y t e t r a h y d r o -
f u r a n (130 m L ) w h i c h \ms r e f l u x e d for 1 6 - 1 8 h o u r s and then 
p o u r e d i n t o 140 m L d i s t i l l e d v/ater. A c r u d e w h i t e p r o d u c t 
v;as o b t a i n e d a f t e r a few d a y s v\?hich w a s f i l t e r e d and 
p u r i f i e d on s i l i c a g e l u s i n g 1:1 c h l o r o f o r m and h e x a n e 
e l u e n t . Y i e l d 3 7 % , M . P . 190°C. 
P r e p a r a t i o n of c o m p l e x e s 
T h e c o m p l e x e s w e r e p e p a r e d by m i x i n g t h e l i g a n d 
s o l u t i o n in e t h a n o l to the m e t a l h a l i d e (CUCI2/ Z n C l 2 , 
M n C l 2 C0CI2/ NiCl2/ P d C l 2 ^ R h C l ^ and R u C l ^ ) s o l u t i o n in t h e 
same s o l v e n t in 1:2 and 1:3 (M:L) r a t i o . In e a c h c a s e it w a s 
r e f l u x e d w i t h s t i r r i n g . A c o l o u r e d solid p r o d u c t a p p e a r e d 
a f t e r k e e p i n g the r e a c t i o n m i x t u r e for a fev/ d a y s w h i c h w a s 
t h r o u g h l y w a s h e d v/ith the s a m e s o l v e n t and d r i e d in v a c u o . 
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Results and Discussions 
R e a c t i o n of sodium h y d r i d e and i n d a z o l e y i e l d e d s o d i u m 
i n d a z o l i d e 
rpup ^ 
F u r t h e r r e a c t i o n of s o d i u m i n d a z o l i d e w i t h 2 - b r o m o b e n -
z o x a z o l e y i e l d e d 2 - ( 1 - i n d a z o l y l ) b e n z o x a z o l e (figure X I I I ) in 
y i e l d after p u r i f i c a t i o n . 
T h e c o m p l e x e s are stable to h e a t and m o i s t u r e . They are 
s o l u b l e in c o m m o n organic s o l v e n t s . T h e low m o l a r c o n d u c -
tance of the c o m p l e x e s in DMSO shov/s t h e i r n o n - i o n i c n a t u r e . 
A d d i t i o n of p y r i d i n e in the DMSO s o l u t i o n of the 
c o m p l e x e s i n c r e a s e s the c o n d u c t a n c e v/hich is a t t r i b u t e d to 
the r e l e a s e of c o o r d i n a t e d c h l o r i d e ions w h i c h are r e p l a c e d 
by p y r i d i n e after the f o l l o w i n g e q u a t i o n ; 
ML2X2 + py ». [ML2XPy]'^ + X~ 
(where L = 2 - ( 1 - i n d a z o l y l ) b e n z o x a z o l e , X = c h l o r i d e ion 
p y = p y r i d i n e ) 
F u r t h e r a d d i t i o n of p y r i d i n e i n c r e a s e s the c o n d u c t a n c e 
once again i n d i c a t i n g the r e p l a c e m e n t of the second c h l o r i d e 
ion (figure X I V ) as follows-
[ML2Xpy]"^ + py • [ M L 2 P y 2 ] + X~ 
A f t e r the r e p l a c e m e n t of both the CI ions any f u r t h e r 
a d d i t i o n of p y r i d i n e d o e s not c h a n g e the c o n d u c t a n c e . 
S o d i u m i n d a z o l i d e does n o t show any a b s o r p t i o n b a n d 
around 3300-3100 c m ~ ^ due to d e p r o t o n a t i o n of i n d a z o l e 
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c a u s i n g d i s a p p e a r a n c e of t h e N-H g r o u p . T h e l i g a n d 2 - ( l -
i n d a z o l y l ) b e n z o x a z o l e s h o w s a new b a n d in t h e r e g i o n 
- 1 (99) 
650 cm a s s i g n e d t o V C - 0 . T h e l i g a n d s h o w s a s m a l l s h i f t 
in C = N f r e q u e n c y a f t e r c o m p l e x a t i o n , s u g g e s t i n g c o o r d i n a t i o n 
via t h e n i t r o g e n a t o m of i n d a z o l e as w e l l as b e n z o x a z o l e 
. ^ (100) 
m o i e t y . 
T h e far i . r . s p e c t r a of the c o m p l e x e s s h o w some n e w 
b a n d s at 2 8 0 - 4 5 0 c m ~ ^ a t t r i b u t e d to m e t a l n i t r o g e n and m e t a l 
c h l o r i n e s t r e t c h i n g f r e q u e n c i e s (Table V I I I ) . 
T h e ^H N M R s p e c t r a of t h e l i g a n d 2 - ( 1 - i n d a z o l y l ) -
b e n z o x a z o l e is t a b u l a t e d T a b l e IX i n d i c a t i n g t h e c h e m i c a l 
s h i f t of the v a r i o u s p r o t o n s , l a b e l l e d in f i g u r e X I I I . T h e 
a s s i g n m e n t of c h e m i c a l s h i f t s to t h e v a r i o u s p r o t o n s in t h e 
l i g a n d has been m a d e on t h e p a t t e r n of the p e a k a s s i g n m e n t 
g i v e n for 2 - ( 1 - p y r a z o l y l ) b e n z o x a z o l e by S t e e l and 
C o n s t a b l e . ^  ^ It can be seen t h a t as e x p e c t e d the p e a k s 
are s h i f t e d d o w n f i e l d a f t e r c o o r d i n a t i o n (Table I X ) . 
T h e M n ( I I ) c o m p l e x s h o w s t h r e e b a n d s at 1 7 , 5 0 0 
21 , 240 c m ~ ^ and 2 5 , 300 c m ~ ^ a s s i g n a b l e to '^Tj^^j(G) -s ^^^Ig' 
^ E g ( G ) ^^Ig '^^Ig^'^^ ^^A^^^transitions r e s p e c t i v e l y . 
T h e r o o m t e m p e r a t u r e m a g n e t i c m o m e n t v a l u e (5.90 B M ) and its 
e l e c t r o n i c s p e c t r u m s u g g e s t s an o c t a h e d r a l g e o m e t r y for 
M n ( I I ) ion in this c o m p l e x . 
T h e e l e c t r o n i c s p e c t r u m of C o ( I I ) c o m p l e x of 2 - ( l -
i n d a z o l y l ) b e n z o x a z o l e e x h i b i t s a b s o r p t i o n b a n d s at 1 5 , 3 9 0 
cm 2 1 , 4 5 0 c m ~ ^ and 2 7 , 3 4 0 cm ^ a s s i g n e d to 
t r a n s i t i o n s , r e s p e c t i v e l y . T h e m a g n e t i c m o m e n t v a l u e of 4.82 
BM for C o ( I I ) ion in t h i s c o m p l e x is c l o s e to an o c t a h e d r a l 
C o { I I ) c o m p l e x in high spin s t a t e . B e s i d e s an i n t e n s e c h a r g e 
t r a n s f e r band at 35,000 cm ^ the N i ( I I ) c o m p l e x s h o w s t h r e e 
b a n d s at 1 0 , 9 9 0 c m ~ ^ , 1 5 , 5 0 0 c m ~ ^ and 2 1 , 3 2 0 c m ~ ^ a s s i g n e d 
to 
t r a n s i t i o n s r e s p e c t i v e l y for an o c t a h e d r a l N i ( I I ) i o n . T h e 
room t e m p e r a t u r e m a g n e t i c m o m e n t v a l u e 3.09 BM is a l s o in 
c o n s o n a n c e w i t h the p r o p o s e d g e o m e t r y a r o u n d t h e m e t a l i o n . 
T h e e l e c t r o n i c s p e c t r u m of C u ( I I ) c o m p l e x of 2 - ( l -
i n d a z o l y l ) b e n z o x a s o l e s h o w s o n e b a n d at 1 4 , 5 0 0 cm ^ w i t h 
i n t e n s e c h a r g e t r a n s f e r at 33,000 cm T h e m a g n e t i c m o m e n t 
v a l u e of 1.92 BM for t h i s c o m p l e x is w e l l w i t h i n the r a n g e 
n o r m a l l y e x p e c t e d for an o c t a h e d r a l g e o m e t r y a r o u n d C u ( I I ) . 
T h e m a g n e t i c m o m e n t v a l u e of 3.16 BM for t h e R h ( I I I ) 
c o m p l e x and its l i g a n d f i e l d s p e t r u m s u g g e s t an o c t a h e d r a l 
g e o m e t r y a r o u n d the m e t a l ion (Table X ) . T h e R u t h e n i u m 
c o m p l e x of 2 - ( l - u n d a z o l y l ) b e n z a x a s o l e s h o w s t h r e e b a n d s at 
1 5 , 3 5 0 c m ~ ^ , 1 8 , 3 9 0 c m " ^ and 1 9 , 5 0 0 c m ~ ^ r e s p e c t i v e l y 
a s s i g n e d t o ^ ^ ^ g ' S g ^ S g ^ ^ g ^ S g 
t r a n s i t i o n s . An i n t e n s e c h a r g e t r a n s f e r b a n d is a l s o 
o b s e r v e d a t 33,300 cm T h e s p e c t r a l b a n d s and the m a g n e t i c 
m o m e n t v a l u e of 3.29 B M . s u g g e s t an o c t a h e d r a l g e o m e t r y for 
this c o m p l e x . 
M = M n ( I l ) ' C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) a n d Hcj(II) 
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Complexes of 2-(l-lndazolyl)ben2othlazole 
49, 
Experimental 
p r e p a r a t i o n of 2 - ( 1 - i n d a z o l y l ) b e n z o t h i a z o l e 
A solution of sodium i n d a z o l i d e (2.42 g) in 140 m L of 
dry t e t r a h y d r o f u r a n was slowly a d d e d w i t h c o n s t a n t s t i r r i n g 
to a THF solution of 2 - b r o m o b e n z o t h i a z o l e (1.89 m L ) . It was 
then r e f l u x e d for about 36 h o u r s . A f t e r c o o l i n g the s o l u t i o n 
150 m L of w a t e r was added to it w h e r e u p o n c o l o u r l e s s 
c r y s t a l s w e r e o b t a i n e d a f t e r a few d a y s . This w a s f i l t e r e d 
and p u r i f i e d by column c h r o m a t o g r a p h y in the m a n n e r 
o 
d e s c r i b e d in e a r l i e r p a r a g r a p h s . Y i e l d 4 4 % , MP. 140 C . 
P r e p a r a t i o n of c o m p l e x e s 
A s o l u t i o n of 2 - ( l - i n d a z o l y l ) b e n z o t h i a z o l e in e t h a n o l 
w a s slowly added w i t h c o n s t a n t s t i r r i n g to a e t h a n o l i c solu-
tion of m e t a l c h l o r i d e in a p p r o p r i a t e r a t i o (1:2 for P d ( I I ) , 
M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Zn(II) and H g ( I I ) and 1:3 
for R u ( I I I ) and R h ( I I I ) . The c o l o u r l e s s s o l u t i o n i m m e d i a t e -
ly b e c a m e c o l o u r e d . A f t e r r e f l u x i n g this s o l u t i o n a c o l o u r e d 
p r o d u c t w a s o b t a i n e d v/hich was f i l t e r e d and d r i e d in v a c u o . 
The r e a c t i o n may be r e p r e s e n t e d as b e l o w : 
C i 4 H g N 3 S + M C I 2 — ^ 
+ MCI3 ^M2(C28Hi8N6S2)Clg 
50, 
Reajlts and discussion 
T h e l i g a n d 2 - ( 1 - i n d a z o l y l ) b e n z o t h i a z o l e has b e e n 
p r e p a r e d by n u c l e o p h i l i c d i s p l a c e m e n t of b r o m i n e in 2-
b r o m o b e n z o t h i a z o l e by s o d i u m i n d a z o l i d e . 
Na'^(C^H5N2)~ + B r C ^ H ^ N S ^(C^^HgN^S) 
T h e c o m p l e x e s a r e s t a b l e t o w a r d s h e a t and m o i s t u r e . 
T h e y a r e s o l u b l e in c o m m o n o r g a n i c s o l v e n t s such as D M S O , 
n i t r o b e n z e n e , v/ater, c h l o r o f o r m , h e x a n e e t c . T h e low m o l a r 
c o n d u c t a n c e of t h e c o m p l e x e s in D M S O and n i t r o b e n z e n e s h o w s 
(98) 
t h e i r n o n - i o n i c n a t u r e . T h e s t r u c t u r e of the c o m p l e x e s 
h a v e b e e n v e r i f i e d by e l e m e n t a l a n a l y s i s , m a g n e t i c m o m e n t 
m e a s u r e m e n t s , ir and u v - v i s i b l e s p e c t r a l d a t a . T h e l i g a n d 
b e h a v e s as a b i d e n t a t e o n e . T h e r e p l a c e m e n t of c h l o r i d e i o n s 
in o c t a h e d r a l c o m p l e x e s has b e e n f o l l o w e d c o n d u c t o m e t r i c a l l y 
A d d i t i o n of p y r i d i n e to a D M S O s o l u t i o n of the c o m p l e x e s 
i n c r e a s e s t h e c o n d u c t a n c e d u e to t h e r e l e a s e of c h l o r i d e ion 
f r o m t h e c o m p l e x . F u r t h e r a d d i t i o n of p y r i d i n e i n c r e a s e s the 
c o n d u c t a n c e o n e a g a i n i n d i c a t i n g t h e r e p l a c e m e n t of a s e c o n d 
c o o r d i n a t e d c h l o r i d e i o n . A n y f u r t h e r a d d i t i o n of p y r i d i n e 
d o e s not l e a d to c o n d u c t a n c e c h a n g e i n d i c a t i n g t h a t both t h e 
c h l o r i d e i o n s h a v e b e e n r e p l a c e d by p y r i d i n e . 
T h e ir s p e c t r u m of s o d i u m i n d a z o l i d e d o e s not s h o w any 
a b s o r p t i o n b a n d in t h e r e g i o n of 3 3 0 0 - 3 1 0 0 cm ^ as o b s e r v e d 
i n d a z o l e . C o m p a r i s o n of t h e s p e c t r u m of 2 - ( 1 - i n d a z o l y l ) -
b e n z o t h i a z o l e ligand w i t h t h a t of its c o m p l e x e s r e v e a l s t h a t 
the l i g a n d a b s o r p t i o n s u n d e r g o s i g n i f i c a n t c h a n g e s on 
51, 
c o m p l e x a t i o n . T h r e e a b s o r p t i o n b a n d s of s t r o n g i n t e n s i t y a t 
1510 cm 1630 cm ^ and 730 cm ^ o b s e r v e d in t h e s p e c t r u m 
of the u n c o o r d i n a t e d l i g a n d a r e a t t r i b u t e d t o v C = C , V'C=N and 
t h e r i n g s t r e t c h i n g m o d e s . T h e s e b a n d s a r e s h i f t e d to t h e 
l o w e r f r e q u e n c y side d u e to the c o o r d i n a t i o n v i a n i t r o g e n 
a t o m s of t h e i n d a z o l e as w e l l as b e n z o t h i a z o l e m o i e t y . 
S o m e new b a n d s o b s e r v e d in t h e c o m p l e x e s in the r a n g e 
4 5 0 - 3 0 0 c m ~ ^ and 3 0 0 - 2 0 0 c m ~ ^ h a v e b e e n a t t r i b u t e d to i;M-N 
and M - C l m o d e s . T h i s M - C l a b s o r p t i o n b a n d s a r e 
s t r o n g e r and a p p e a r at l o w e r w a v e n u m b e r s as c o m p a r e d to M - N 
a b s o r p t i o n b a n d s . It is t h u s c o n c l u d e d t h a t n i t r o g e n a t o m of 
i n d a z o l e as v^ell as the n i t r o g e n in b e n z o t h i a z o l e a r e 
s i m u l t a n e o u s l y c o o r d i n a t e d to the m e t a l w h i c h a c q u i r e s an 
o c t a h e d r a l s t r u c t u r e . 
T h e b o n d i n g p a t t e r n d i s c u s s e d a b o v e g e t s f u r t h e r 
s u p p o r t f r o m ^H N M R s p e c t r a d a t a of the l i g a n d and t h e i r 
c o m p l e x e s . T h e ^H NMR s p e c t r a of 2 - ( 1 - i n d a z o l y l ) b e n z o t h i a -
zole show a dov/nfield s h i f t in all t h e a r o m a t i c p e a k s 
i n d i c a t i n g the c o o r d i n a t i o n of n i t r o g e n a t o m of b e n z o t h i a -
zole as w e l l as n i t r o g e n a t o m of i n d a z o l e m o i e t y to m e t a l 
i o n s . In t h e s p e c t r a of c o m p l e x e s t h e l a r g e d o w n f i e l d s h i f t 
of the h y d r o g e n a t o m in p o s i t i o n 3 ' & 4 ( n e a r to n i t r o g e n a t o m 
of i n d a z o l e ) i n d i c a t e s t h e c o o r d i n a t i o n of n i t r o g e n a t o m of 
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E l e c t r o n i c s p e c t r a 
T h e e l e c t r o n i c s p e c t r u m of r'jndl) c o m p l e x of 2 - ( l -
i n d a z o l y l ) b e n z o t h i a z o l e s h o w s a b s o r p t i o n b a n d s at 1 5 , 5 0 0 
1 8 , 9 0 0 c m ~ ^ and 2 4 , 660 c m ~ ^ a s s i g n e d to ^^^^.(G) 
'^ E (G) < ^A, and '^A, (G)-< -^A, t r a n s i t i o n s , r e s p o c -
g ig ig ig 
t i v o l y . Its n a y n e t i c m o n o n t v a l u e (5.82 B H ) an o c t a h e d r a l 
y e o n e t r y for the M n ( I I ) i o n s . 
T h e C o ( I I ) c o m p l e x of 2 - ( 1 - i n d a z o l y l ) b e n z o t h i a z o l e 
sho\;s a n a y n c t i c m o m e n t v a l u e of 4.75 BM w h i c h a y r o e s \;ith 
the e x p e c t e d v a l u e for a high spin C o ( l l ) ion in an 
o c t a h e d r a l e n v i r o n m e n t . T h e ^H NMR of the c o m p l e x s h o w s a 
broad p e a k c o n s i s t e n t w i t h t h e p a r a m a g n e t i c n a t u r e of t h e 
c o m p l e x . T h e l i y a n d field s p e c t r u m of t h i s c o m p l e x b e s i d e s 
s h o w i n g a c h a n g e t r a n s f e r b a n d s at 3 4 , 4 0 0 cm ^ s h o w s t w o 
m a i n b a n d s at 1 8 , 3 4 0 c m ~ ^ and 2 1 , 2 9 0 c m ~ ^ . T h e s e b a n d s a r e 
a s s i g n e d to < "'^'^Ig^^^ t r a n s i -
t i o n s , r e s p e c t i v e l y w h i c h is a g a i n c o n s i s t e n t w i t h an 
o c t a h e d r a l g e o m e t r y . 
T h e m a g n e t i c m o m e n t v a l u e for t h e N i ( I I ) c o m p l e x of 
2 - ( 1 - i n d a z o l y l ) b e n z o t h i a z o l e as w e l l as its e l e c t r o n i c 
s p e c t r u m a r e c o n s i s t e n t w i t h an o c t a h e d r a l g e o m e t r y of the 
N i ( I I ) c o m p l e x . T h e b a n d s o b s e r v e d at 1 2 , 3 2 0 1 4 , 6 7 0 
c m ~ ^ and 2 2 , 3 3 0 c m ~ ^ are as e x p e c t e d for t h e (F) 
^T (F)y (F) and ^T^ ( P ) < (F) t r a n s i t i o n s in the 
Ig 2y Ig 2y 
c a s e of N i ( I I ) ion having an o c t a h e d r a l g e o m e t r y . 
57 
T h e m a g n e t i c m o m e n t v a l u e for t h e N i ( I I ) c o m p l e x of 
2 - ( 1 - i n d a z o l y l ) b o n z o t h i a z o l e as w e l l as its e l e c t r o n i c 
s p e c t r u m a r e c o n s i s t e n t w i t h an o c t a h e d r a l g e o m e t r y of t h e 
N i ( I I ) c o m p l e x , t h e b a n d s o b s e r v e d at 1 2 , 3 2 0 cm 1 4 , 6 7 0 
1 —1 3 3 
c m " and 2 2 , 330 cm are as e x p e c t e d for the T 2 g ( F ) ) 
and ? A 2 g ( F ) t r a n s i t i o n s in t h e 
c a s e of N i ( I I ) ion h a v i n g an o c t a h e d r a l g e o m e t r y . 
T h e o b s e r v e d m a g n e t i c m o m e n t and e l e c t r o n i c s p e c t r u m of 
the C u ( I I ) c o m p l e x of 2 - ( 1 - i n d a z o l y l ) b e n z o t h i a z o l e s u g g e s t 
an o c t a h e d r a l g e o m e t r y of the m o l e c u l e (Table - X I V ) . 
T h e o b s e r v e d m a g n e t i c m o m e n t for R u ( I I I ) and R h ( I I I ) 
c o m p l e x e s of 2 - ( 1 - i n d a z o l y l ) b e n z o t h i a z o l e (3.35 BM and 3.28 
B M ) a r e v e r y c l o s e to the v a l u e c a l c u l a t e d for t h e m e t a l ion 
in an o c t a h e d r a l e n v i r o n m e n t . R u ( I I I ) c o m p l e x s h o w s t h r e e 
m a i n b a n d s a t 1 5 , 3 5 0 c m " ^ , 1 8 , 3 9 0 c m ~ ^ and 19,500 c m ~ ^ 
a s s i g n e d to ^^g"^ t r a n s i -
t i o n s r e s p e c t i v e l y . R h ( I I I ) c o m p l e x a l s o e x h i b i t s two m a i n 
b a n d s at 2 2 , 3 5 0 cm ^ and 2 4 , 3 3 0 w i t h an i n t e n s e c h a r g e 
t r a n s f e r at 3 3 , 3 0 0 c m ~ ^ (Table - X I V ) s u p p o r t i n g an 
o c t a h e d r a l g e o m e t r y . 
T h e d i a m a g n e t i c P d ( I I ) c o m p l e x d i s p l a y s t h r e e m a i n 
a b s o r p t i o n b a n d s at 1 9 , 5 0 0 2 1 , 6 6 0 c m ~ ^ and 2 5 , 7 0 0 
c m ~ ^ a s s i g n e d to ^ ^A, , ^ B , < ^^A, and ^E < -^ A-, 
' 2g I g ' Ig Ig g Ig 
























































































<Cn CP n 
rH H iH O 
< < < M-l 
VD i^D 0) 
C 
ro 


















































Cm fe QJ 
— — cr> 
Cr> cn M 
CM (N ro 
EH x: 
•'I' CJ 
Cj-1 Cu Cu 
CJi tJi CP 
(N fN CN < < 
ro ro n 
Cm Cu 
CP CP tP 
CM iH rH 






































o o o o o o O o O o o o O 
o o VD O 'S' cri O CN cn 00 o o 
in c^ ro CN 'J' ro 00 ro ro ro 
•v ^ ^ V V V •k 
in CO 00 rH CN •cr CNJ <N ro 'J' 

















cri tn Cn 
iH rH iH 0) 





U " OJ Cn 
C7> D1 
iH Cn (0 
i< cQ w x: 
H rH rH u 
cn Cn cn 
CNJ OJ CM 
H Eh 
fN CN CN 
tji Cn • 
rH (N CnE-i 
Eh EH W 
^ (N U 
cn cn 





o o o o o o O o o 
(• 
O O 
o o o in CTl O o in n O 
m vD r--in m m in 00 ro ro n 
•h «. ^ < ^ 
CTl rH m in 00 CT^ m (N m 























































n n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) and H g ( I I ) 
M = C r ( I I I ) , F e ( I I I ) , R u ( I I I ) , a n d R h ( I I I ) 
F i g u r e - X V I 
CHAPTER - 111 
Synthesis and characterization of complexes of some new 




Complexes of 2-(pyridlne-2-thionato)pyrimidine 
60, 
Experimental 
M a t e r i a l s a n d m e t h o d s 
P y r i d i n e - 2 - t h i o l , 2 - b r o m o p y r i m i d i n e , 2 - b r o m o b e n z o x a z o l e 
and 2-bromolDenzothiazole w e r e u s e d as r e c e i v e d . A l l m e t a l 
c h l o r i d e s C r ( I I I ) , M n ( I I ) , F e ( I I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , 
Z n ( I I ) and H g ( I I ) , (BDH) and R u ( I I I ) , R h d I I ) , P d ( I I ) 
(Johnson M a t h e y ) w e r e used as s u c h . 
P r e p a r a t i o n of s o d i u m p y r i d i n e - 2 - t h i o n a t e 
P y r i d i n e - 2 - t h i o l ( 5 . 5 g ) and a s u s p e n s i o n of s o d i u m 
h y d r i d e ( 2 . 4 g , 80% s u s p e n s i o n in o i l ) w e r e milled t o g e t h e r in 
dry t e t r a h y d r o f u r a n (100 m L ) . T h e r e s u l t i n g m i x t u r e w a s 
r e f l u x e d v/ith s t i r r i n g for a b o u t 16 h . A v/hite c r u d e p r o d u c t 
w a s o b t a i n e d on c o o l i n g v/hich w a s f i l t e r e d and r e c r y s t a l l i -
o 
zed f r o m w a t e r . Y i e l d 50% M . P . 292 C . 
P r e p a r a t i o n of 2 - ( p y r i d i n e - 2 - t h i o n a t o ) p y r i m i d i n e 
S o d i u m p y r i d i n e - 2 - t h i o n a t o (0.27 g^ w a s c a u t i o u s l y 
a d d e d to 2 - b r o m o p y r i m i d i n e (0.23 g) in d r y e t h a n o l (100 m L ) 
and the r e s u l t i n g m i x t u r e r e f l u x e d for 20 h w i t h c o n t i n u o u s 
s t i r r i n g . T h e l i g h t yellov/ s o l u t i o n t u r n e d d a r k o r a n g e in 
c o l o u r . T h i s s o l u t i o n v/as t h e n p o u r e d into 40 m L of v;ater 
\/hen a f t e r a fev/ d a y s , a v/hite c r u d e p r o d u c t w a s o b t a i n e d 
v;hich v/as f i l t e r e d and d r i e d in v a c u o . It w a s r e c t y s t a l l i z e d 
from w a t e r . Y i e l d 3 0 % , M . P . 270°C. 
61, 
p r e p a r a t i o n of c o m p l e x e s 
E t h a n o l i c s o l u t i o n of the l i g a n d and m e t a l c h l o r i d e 
[ M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) and Z n ( I I ) ] in a p p r o p r i a t e 
1:1 m o l a r r a t i o w e r e m i x e d t o g e t h e r . T h e r e s u l t i n g m i x t u r e 
w a s r e f l u x e d for a b o u t 16 h o u r s . A c o l o u r e d p r e c i p i t a t e v^as 
o b t a i n e d v/hich w a s f i l t e r e d off and f i n a l l y v a c u u m d r i e d . 
T h e c o l o u r , y i e l d and m e l t i n g p o i n t of t h e c o m p l e x e s a r e 
g i v e n in T a b l e X V . 
62 
Results and discussion 
P y r i d i n e - 2 - t h i o l in t h e solid f o r m e x i s t s p r e d o m i n a n t l y 
as the t h i o l s t r u c t u r e ^ ^ ^ ^ ^ ( F i g u r e - lA) w h e r e a s in s o l u t i o n 
it c o n s i s t s m a i n l y of t h e t h i o n e form^^^"^^ ( F i g u r e - IB) as 
e v i d e n c e d by the S - H b a n d at 2800 cm ^ in the s o l i d and its 
d i s a p p e a r a n c e in s o l u t i o n . T h e s o d i u m d e r i v a t i v e (Figure -
X V I I ) c h a r a c t e r i s e d by the a b s e n c e of V S - H and p r e s e n c e in 
it of a s t r o n g p e a k at 1050 cm ^ a s s i g n e d to C = S s t r e t c h i n g 
f r e q u e n c y ^ ^ ^ ' 1 0 6 ) ^ ^ r e f l u x i n g w i t h 2 - b r o m o p y r i m i d i n e in 
e t h a n o l y i e l d e d the m u l t i d e n t a t e l i g a n d ( F i g u r e - XVII') 
a f t e r the follov/ing r e a c t i o n : 
E t h a n o l 
Na ( C ^ H ^ N S ) - f C , H 3 N 2 B r [ C g H ^ N 3 S ] 
T h e c o m p l e x e s M [ C ^ H ^ N ^ S ) 2 C I 2 ] w h e r e M = M n ( l l ) , C o ( I l ) , 
N i ( I I ) , C u ( I I ) and Z n ( I I ) ( F i g u r e - X V I I I ) h a v e b e e n 
p r e p a r e d and c h a r a c t e r i s e d by e l e m e n t a l a n a l y s i s , i r , uv-
v i s i b l o and m a g n e t i c m o m e n t m e a s u r e m e n t s . 
Na 
F i g u r e X X I I I 
63, 
T h e i n f r a r e d s p e c t r a of the c o m p l e x e s a r e s i g n i f i c a n t 
in the 1600 c m " ^ - 6 0 0 cm ^ r a n g e b e c a u s e all the c h a r a c t e r i s -
t i c f r e q u e n c i e s lie in t h i s r a n g e . T h e ))C=C and V C = N m a y 
n o t be d i s t i n g u i s h e d as they f a l l in the s a m e r e g i o n and a r e 
q u i t e o f t e n c o u p l e d w i t h each o t h e r . H o w e v e r , the m i x e d 
b a n d s a p p e a r in 1 5 9 0 - 1 4 2 0 c m ~ ^ . T h e s h a r p b a n d s at 780 c m ~ ^ , 
980 c m ~ ^ and 1050 c m ~ ^ a p p e a r in b o t h t h e f r e e and c h e l a t e d 
l i g a n d . T h e C=N b a n d is s h i f t e d t o w a r d s h i g h e r f r e q u e n c y 
r e g i o n on c o m p l e x a t i o n . ^ ^ ^ ' ^ T h e C = S f r e q u e n c y at 1050 
cm ^ w i t h a s h o u l d e r a t 1030 c m ^ in t h e l i g a n d d o e s n o t 
u n d e r g o any s i g n i f i c a n t c h a n g e a f t e r c o m p l e x a t i o n . ^  ^ 
B a n d s a p p e a r i n g a t 4 5 0 - 4 0 0 cm ^ in all t h e c o m p l e x e s 
a r e a s s i g n e d to M - N s t r e t c h i n g f r e q u e n c i e s . T h e b a n d at 
350 c m ~ ^ is o b s e r v e d in C o ( I I ) and 370 c m ~ ^ in N i ( I l ) 
(95 1 0 9 ) 
c o m p l e x is a s s i g n e d to i^M-S. ' F r e q u e n c i e s o b s e r v e d a t 
430 cm ^ and 330 cm ^ in C o ( I I ) c o m p l e x is a s s i g n e d to V M - N 
and jy M - C l w h e r e a s in N i ( I I ) c o m p l e x t h e s e f r e q u e n c i e s a r e 
r e s p e c t i v e l y o b s e r v e d a t 425 c m ~ ^ and at 330 c m ~ ^ . T h e 
a b s e n c e of any b a n d b e t w e e n 3 5 0 - 4 0 0 c m ~ ^ in t h e M n ( I l ) , 
C u ( I I ) and Z n ( I I ) c o m p l e x e s r u l e s o u t t h e p o s s i b i l i t y of 
c o o r d i n a t i o n t h r o u g h the s u l p h u r a t o m . In t h e s e c o m p l e x e s 
o n l y y M - N and y M - C l h a v e been o b s e r v e d . T h e n i t r o g e n b o n d e d 
to the m e t a l in t h e s e c a s e s is p r e s u m a b l y f r o m t h e p y r i m i d i n e 
m o e i t y (Figure - X V I I I ) . 
T h e c o m p l e x e s a r e not s o l u b l e in u s u a l o r g a n i c s o l v e n t s 
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c o n d u c t a n c e (10~^M s o l u t i o n ) in n i t r o b e n z e n e s h o w s the 
n o n e l e c t r o l y t i c n a t u r e of the c o m p l e x e s . ^  ^ H o w e v e r , 
a d d i t i o n of a 1 - m o l a r e q u i v a l e n t of p y r i d i n e i n c r e a s e s the 
c o n d u c t a n c e i n d i c a t i n g r e p l a c e m e n t of the c h l o r i d e by 
p y r i d i n e . F u r t h e r a d d i t i o n of p y r i d i n e i n c r e a s e s the c o n d u c -
t a n c e o n c e a g a i n r e p l a c i n g t h e s e c o n d c h l o r i d e i o n . 
A d d i t i o n of any e x c e s s of p y r i d i n e a f t e r t h i s s t a g e d o e s 
n o t m a k e f u r t h e r c h a n g e i n d i c a t i n g t h a t b o t h t h e c h l o r i d e 
ions h a v e been r e p l a c e d by p y r i d i n e . 
E l e c t r o n i c s p e c t r a 
T h e d i f f u s e r e f l e c t a n c e e l e c t r o n i c s p e c t r u m of M n ( I I ) 
c o m p l e x s h o w s t h r e e m a i n b a n d s a t 1 5 , 3 8 4 cm 2 3 , 2 5 5 cm ^ 
and 2 6 , 3 1 5 c m " ^ a s s i g n e d to — ^ A ^ ^ 
4 6 
and Eg(G).* A ^ ^ t r a n s i t i o n s r e s p e c t i v e l y . T h e s e t r a n s i -
t i o n s a r e i n d i c a t i v e of an o c t a h e d r a l g e o m e t r y . T h e m a g n e t i c 
v a l u e of 5.83 BM is very c l o s e to the e x p e c t e d v a l u e for an 
o c t a h e d r a l g e o m e t r y of the c o m p l e x h a v i n g spin f r e e c o n f i g u -
r a t i o n . 
T h e m a g n e t i c m o m e n t of t h e C o ( I I ) c o m p l e x is 4.24 B M . 
s u g g e s t i n g a t e t r a h e d r a l g e o m e t r y for t h e c o m p l e x as t h e 
v a l u e is v e r y c l o s e to t h a t in t e t r a h e d r a l C o ( I I ) c o m p l e x . 
The electronic spectrum of Co(II) complex shows bands at 
1 3 , 800 c m ~ ^ and at 2 1 , 276 c m ~ ^ a s s i g n e d to 
4 4 
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T h e o b s e r v e d m a g n e t i c m o m e n t v a l u e of 3.53 BM f o r t h e 
N i ( I I ) c o m p l e x is s l i g h t l y h i g h e r than t h e e x p e c t e d v a l u e 
for an o c t a h e d r a l g e o m e t r y . T h e l i g a n d f i e l d s p e c t r u m of t h e 
c o m p l e x s h o w s two b a n d s at 14 , 490 cm ^ a n d 1 7 , 5 4 0 cm 
T h o s e are a s s i g n e d to ^ T 2 g ( F ) ^"^Ig^^^ 
t r a n s i t i o n s r e s p e c t i v e l y . T h e m a g n e t i c m o m e n t of C u ( I I ) 
c o m p l e x is 1.48 BM the l o w e r i n g in ^ e f f of t h i s c o m p l e x m a y 
be a t t r i b u t e d to c o p p e r - c o p p e r i n t e r a c t i o n s in t h e p o l y m e r i c 
s t r u c t u r e in the c o m p l e x . T h e e l e c t r o n i c s p e c t r u m of t h i s 
c o m p l e x e x h i b i t s o n e b a n d at 1 3 , 3 3 0 cm ^ a s s i g n e d to the 
2 2 
Aj^g Eg t r a n s i t i o n . T h e b a n d p o s i t i o n is in a g r e e m e n t 
w i t h t h o s e g e n e r a l l y o b s e r v e d for t e t r a h e d r a l g e o m e t r y a r o u n d 
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Complexes of 2-(pyridlne-2-thlonato)benzoxazole 
20, 
Experimental 
Preparation of 2-(pyridine-2-thionato)benzoxazole 
2 - b r o m o b e n z o x a z o l e (6.8 m L ) was c a u t i o u s l y a d d e d to a 
s o l u t i o n of s o d i u m p y r i d i n e 2 - t h i o n a t o (4.0 g) in dry t o t r a -
h y d r o f u r a n (150 m L ) and t h e r e s u l t i n g m i x t u r e w a s r e f l u x e d 
for 36 h o u r s . It v\?as t h e i r p o u r e d i n t o 250 m L of w a t e r . 
A f t e r 15 d a y s a m i c r o c r y s t a l l i n e p r o d u c t was o b t a i n e d w h i c h 
w a s f i l t e r e d , w a s h e d w i t h t e t r a h y d r o f u r a n and r e c r y s t a l l i z e d 
f r o m w a t e r . Y i e l d 7 0 % , M . P . 200°C. 
P r e p a r a t i o n of c o m p l e x e s 
D i v a l e n t and t r i v a l e n t m e t a l c h l o r i d e and t h e l i g a n d 
2 - ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o x a z o l e w e r e t a k e n in each c a s e 
in 1:2 in c a s e of M C I 2 and 1:3 in c a s e of M C l ^ (M:L) r a t i o s , 
r e s p e c t i v e l y . T h e l i g a n d s o l u t i o n in d r y e t h a n o l was a d d e d 
to the h o t m e t a l c h l o r i d e in the same s o l v e n t (50 m L ) w i t h 
c o n t i n u o u s s t i r r i n g w i t h r e f l u x for a b o u t 7 h o u r s . T h e s o l i d 
thus o b t a i n e d w a s f i l t e r e d o f f , w a s h e d v/ith e t h a n o l and 
d r i e d in v a c u o . 
71, 
Results and discussion 
T h e r e a c t i o n of s o d i u m p y r i d i n e - 2 - t h i o n a t o v^ith 2 - b r o m o 
b e n z o x a z o l e in t e t r a h y d r o f u r a n r e s u l t e d in t h e s y n t h e s i s of 
t y p e l i g a n d . T h i s r e a c t i o n c a n b e r e p r e s e n t e d by 
t h e follov/ing e q u a t i o n : -
Na'^CC^H^NS)" + B r C ^ H ^ N O ^ [ Cj_2HgN2SO ] + N a B r 
T h e c o m p l e x e s of 2 - ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o x a z o l e a r e 
n o t s o l u b l e in u s u a l o r g a n i c s o l v e n t s . O n l y P d ( I I ) , R u ( I I I ) , 
R h ( I I I ) a n d A u ( I I I ) c o m p l e x e s a r e s o l u b l e in D M S O . T h e y a r e 
s t a b l e to\;ards l i g h t a n d a i r . T h e i r e l e m e n t a l a n a l y s i s d a t a 
c o r r e s p o n d \^ith M[ ^ ^^2 ^  ^ 1 2 ^ 8 ^ 2 ®° 
m o l e c u l a r f o r m u l a . T h e m o l a r c o n d u c t a n c e v a l u e of s o l u b l e 
- 1 2 - 1 
c o m p l e x e s a r e 3 . 9 - 6 . 3 o h m cm m o l , w h i c h i n d i c a t e d t h a t 
t h e c o m p l e x e s a r e n o n e l e c t r o l y t e s . 
In t h e ir s p e c t r u m of t h e s o d i u m p y r i d i n e 2 - t h i o n a t o 
t h e t h r e e m e d i u m i n t e n s i t y b a n d s o b s e r v e d a t 1 4 5 0 c m ~ ^ , 1 5 8 0 
c m ~ ^ a n d 1 0 5 0 c m ~ ^ a s s i g n e d t o y c = C ^ y c = N a n d y c = S a n d a r e 
c l o s e to t h e v a l u e s f o r t h e p a r e n t p y r i d i n e - 2 - t h i o n e . ^ ^ 
F r e e c h e l a t i n g l i g a n d 2 - ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o x a z o l e 
e x h i b i t f o u r d i s t i n c t a b s o r p t i o n s c o r r e s p o n d i n g t o iJC=C, 
y c = N , V ' C = S a n d i)C-0 v/hich u n d e r g o e s a s u b s t a n t i a l n e g a t i v e 
s h i f t u p o n c h e l a t i o n . ^ ^^^^ T h e U C=S in c a s e of M n ( I I ) , 
Z n ( I l ) , H g ( I I ) , R u ( i n ) is s h i f t e d t o a h i g h e r f r e q u e n c y 
r e g i o n by a b o u t 2 0 - 8 0 cm ^ a f t e r c o m p l e x a t i o n . 
72, 
T h e F e ( I I I ) , C r ( I I I ) , R h ( I I I ) and R u ( I I I ) c o m p l e x e s 
s h o w two b a n d s at 3 1 0 - 2 8 0 a s s i g n e d to t e r m i n a l a n d 
b r i d g i n g y M - C l r e s p e c t i v e l y . ^^^^^ H o w e v e r , all d i v a l e n t 
complexes e x h i b i t o n l y the M - C l s t r e t c h i n g f r e q u e n c y a t 
3 1 0 - 2 6 0 c m " ^ . ^ ^ ^ ^ ^ O t h e r d i s t i n c t b a n d s a p p e a r i n g in t h e 
r a n g e 4 4 0 - 4 0 0 c m ~ ^ and 3 8 0 - 3 1 0 h a v e b e e n a s s i g n e d to M - N and 
M - S s t r e t c h i n g f r e q u e n c i e s . 
E l e c t r o n i c s p e c t r a 
T h e m a g n e t i c m o m e n t of C r ( I I I ) c o m p l e x (3.80 B M ) is 
v e r y c l o s e to t h a t e x p e c t e d for an o c t a h e d r a l g e o m e t r y . T h e 
e l e c t r o n i c s p e c t r u m of this c o m p l e x (Table X X ) is a l s o 
c o n s i s t e n t w i t h an o c t a h e d r a l g e o m e t r y a r o u n d the C r ( I I I ) 
i o n . In t h e c a s e of M n ( I I ) c o m p l e x , t h e o b s e r v e d m a g n e t i c 
m o m e n t v a l u e (5.92 B M ) is i n d i c a t i v e of an o c t a h e d r a l 
g e o m e t r y . T h e e l e c t r o n i c s p e c t r u m of t h i s c o m p l e x s h o w s 
t h r e e m a i n b a n d s at 1 7 , 330 c m " ^ , 20,220 c m ~ ^ and 2 5 , 3 4 0 c m ~ ^ . 
An i n t e n s e c h a r g e t r a n s f e r at 3 5 , 4 4 0 c m ~ ^ is a l s o o b s e r v e d 
in M n d l ) c o m p l e x . B e s i d e a c h a r g e t r a n s f e r b a n d at 3 5 , 0 0 0 
cm ^ the e l e c t r o n i c s p e c t r u m of F e ( I I I ) c o m p l e x s h o w s t w o 
bands (Table-XX) assigned to ^A^^ and F U^A^^^ 
t r a n s i t i o n s . T h e m a g n e t i c m o m e n t v a l u e (5.86 B M ) c o r r e s p o n d s 
to t h e p r e s e n c e of five, u n p a i r e d e l e c t r o n s and t h e e l e c t r o -
n i c s p e c t r u m s u g g e s t s an o c t a h e d r a l g e o m e t r y for F e ( I I I ) 
c o m p l e x e s . For C o ( I I ) ion t w o spin allov/ed t r a n s i t i o n s h a v e 
been o b s e r v e d at 1 5 , 5 3 0 c m ~ ^ and 2 1 , 3 9 0 c m ~ ^ and a r e 
a s s i g n e d to ^ T ^ ^ ( F ) < '^'^ig^^^ ^"^Ig^^^ ^"^ig^^^ 
73 
r e s p e c t i v e l y . T h e o b s e r v e d m a g n e t i c m o m e n t (4.82 B M ) is v e r y 
c l o s e to t h a t c a l c u l a t e d for t h r e e u n p a i r e d e l e c t r o n s . 
H o w e v e r , t h o s e s t u d i e s a r e i n d i c a t i v e of an o c t a h e d r a l 
g e o m e t r y for C o ( I I ) i o n . T h e m a g n e t i c m o m e n t ( 3 . 1 2 BM a n d 
1.80 Bfl) and e l e c t r o n i c s p e c t r a of N i ( I I ) and C u ( I I ) 
c o m p l e x e s r e s p e c t i v e l y s u p p o r t s an o c t a h e d r a l g e o m e t r y 
a r o u n d t h e s e i o n s . 
T h e R u ( I I I ) and R h ( I I l ) c o m p l e x e s of 2 - ( p y r i d i n o - 2 -
t h i o n a t o ) b e n z o x a z o l e the o b s e r v e d m a g n e t i c m o m e n t 3.93 BM 
and 3.62 BM r e s p e c t i v e l y and the e l e c t r o n i c s p e c t r a (Table 
XX)of t h e s e c o m p l e x e s s u g g e s t an o c t a h e d r a l g e o m e t r y . 
2 - ( p y r i d i n o — 2 — t h i o n a t o ) b e n z o x a z o l e 
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Fitjuro XX 
Complexes of 2-(pyridine-2-thionato)benzothiazGle 
79, 
Experimental 
Prepara±ion of 2-(pyridine-2-thionatt:o)benzothiazole 
A m i x t u r e of 2 - b r o m o b e n z o t h i a z o l e (8.80 m L ) and s o d i u m 
p y r i d i n e - 2 - t h i o n a t o (4.0 y ) \/as r e f l u x e d in dry t e t r a h y d r o -
f u r a n (150 mL)- for a b o u t 15 h o u r s and t h e r e s u l t i n g m i x t u r e 
w a s s t i r r e d for 10 h o u r s . T h e r e a c t i o n m i x t u r e v/as then 
p o u r e d into 100 m L v/ater. A c r u d e p r o d u c t w a s p r e c i p i t a t e d 
from this s o l u t i o n a f t e r a few d a y s , v;hich v;as then f i l t e r e d 
and p u r i f i e d by r e c r y s t a l l i z a t i o n f r o m w a t e r . Y i e l d 30% M . P . 
210°C. 
P r e p a r a t i o n of c o m p l e x e s 
An e t h a n o l i c s o l u t i o n of 2 - ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o -
t h i a z o l e and the m e t a l c h l o r i d e in 1:2 (for M C I 2 ) and 1:3 
(for M C l ^ ) (M:L) r a t i o w e r e taken t o g e t h e r . T h e m i x t u r e w a s 
r e f l u x e d w i t h s t i r r i n g for a b o u t 12 h o u r s . A c o l o u r e d m i c r o -
c r y s t a l l i n e p r o d u c t w a s o b t a i n e d w h i c h was f i l t e r e d w a s h e d 
w i t h e t h a n o l and d r i e d in v a c u o . 
T h e r e a c t i o n m a y be r e p r e s e n t e d as b e l o w 
w h e r e M = M n ( I I ) , C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( I I ) and H g ( I I ) 
M ' = C r ( I I I ) , F e ( I I I ) , R u ( I I I ) and R h ( I I I ) 
80, 
Results and discussion 
T h e c o m p l e x e s of 2 - ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o t h i a z o l e 
were characterized by elemejital analysis,i.r. spectra u v - v i s i b l e a n d 
m a g n e t i c m o m e n t m e a s u r e m e n t s . In s o d i u m p y r i d i n e - 2 - t h i o n a t o 
t h e a b s e n c e of a n y b a n d in t h e 3 5 0 0 - 3 1 0 0 cm ^ r e g i o n s h o w s 
t h e r e m o v a l of t h e p r o t o n f r o m N - H g r o u p . In t h e f r e e 
c h e l a t i n g l i g a n d 2 - ( p y r i d i n e - 2 - t h i o n a t o ) b e n z o t h i a z o l e t h e 
2;C=N, )JC=C a n d C = S s t r e t c h i n g f r e q u e n c i e s a p p e a r at 1 6 4 0 
cm""^, 1 5 8 0 cm ^ a n d 1 0 5 5 c m ^ r e s p e c t i v e l y . A b a n d a p p e a r i n g 
- 1 (99) 
at 8 0 0 - 6 0 0 cm is a s s i g n e d to C - S s t r e t c h i n g f r e q u e n c y . 
A f t e r c o m p l e x a t i o n a s m a l l s h i f t in C = N b a n d is o b s e r v e d in 
a l l t h e c o m p l e x e s s h o w i n g c o o r d i n a t i o n t h r o u g h t h e n i t r o g e n 
a t o m of t h e b e n z o t h i a z o l e m o i e t y . T h e IJ C=S a n d o t h e r c h a -
r a c t e r i s t i c f r e q u e n c i e s a r e a l s o s h i f t e d t o l o w e r f r e q u e n c y 
r e g i o n by a b o u t 1 0 - 4 5 cm ^ a f t e r c o m p l e x a t i o n . T h e b a n d 
a t t r i b u t a b l e t o r i n g b r e a t h i n g v i b r a t i o n a t a b o u t 1000 cm ^ 
a n d 600 c m ^ a n d t h e b a n d d u e to C - H b e n d i n g a t 650 cm ^ a n d 
750 cm ^ a r e s h i f t e d to h i g h e r f r e q u e n c i e s w i t h r e s p e c t t o 
(83) 
t h e c o r r e s o n d i n g m e t a l - s u l p h u r a n d m e t a l - n i t r o g e n b a n d s . 
N e w b a n d s a p p e a r a r o u n d 5 0 0 - 3 0 0 cm ^ r e g i o n in t h e 
s p e c t r a of c o m p l e x e s w h i c h c o u l d b e a s s i g n e d t o c o u p l e d 
v i b r a t i o n s , h a v i n g c o n t r i b u t i o n f r o m M - N a n d M - S s t r e t c h i n g 
f r e q u e n c y . It is c l e a r t h a t t h e l i g a n d s h o u l d b e b i d e n t a t e . 
T r i v a l e n t c o m p l e x e s s h o w t w o b a n d s in t h e r a n g e of 3 0 0 - 2 0 0 




2 - ( p y r i d i n G - 2 - t h i o n a t o ) b o n z o t h i a z o l e 
F i g u r e X X I 






n = Mn(II), Co(ll), Ni(II), 
Cu(II), Zn(II) and Hg(II). 
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86, 
c o m p l e x e s only o n e b a n d at 3 0 0 - 2 0 0 cm ^ is o b s e r v e d . In 
t r i v a l e n t c o m p l e x e s t h e s e two b a n d s a r e a t r i b u t e d to the 
t e r m i n a l and b r i d y i n y c h l o r i n e f r e q u e n c i e s . ^ ^ ^ ^ ^ 
T h e d i m e r i c n a t u r e of the c o m p l e x e s is c o n s i s t e n t v/ith 
t h e i r h i y h d e c o m p o s i t i o n p o i n t s and i n s o l u b i l i t y . O n l y 
P d ( I I ) , R h ( I I I ) , R u ( I I I ) and A u ( I I I ) c o m p l e x e s a r e s o l u b l e 
in D M S O and w a t e r . T h e low m o l a r c o n d u c t a n c e (10~^M m o l a r 
r a t i o ) v a l u e s of the s o l u b l e c o m p l e x e s in D M S O s h o w s t h e i r 
n o n - e l e c t r o l y t i c n a t u r e . 
E l e c t r a s p e c t r a 
T h e e l e c t r o n i c s p e c t r a l b a n d and m a y n e t i c m o m e n t v a l u e s 
of t h e c o m p l e x e s a r e l i s t e d in t a b l e X X I I I . T h e e l e c t r o n i c 
s p e c t r u m of C r ( I I I ) c o m p l e x shov-/ t w o b a n d s in the 1 5 , 3 0 0 
- 1 - 1 4 4 
cm and 2 0 , 000 cm r e y i o n a s s i y n e d to A 2 y ( F ) 
4 4 
and T 2 g ( F ) < A ^ ^ ( F ) t r a n s i t i o n s . T h e v a l u e of m a y n e t i c 
m o m e n t 3 . 8 1 BM is shown an o c t a h e d r a l s t r u c t u r e a r o u n d 
C r ( I I I ) i o n . 
Th e r e f l e c t a n c e s p e c t r u m of Ni (II) c o m p l e x Ni ( ^ 2 
s h o w t h r o e b a n d s at 1 0 , 3 0 0 c m " ^ , 1 4 , 3 0 0 c m ~ ^ and 2 4 , 6 0 0 c m ~ ^ 
a s s i y n a b l o t o ^ T 2 y ( F ) < ^ A 2 g { F ) , ^ A 2 g ( F ) , and 
3 3 
T ^ g ( P ) < A 2 y ( F ) t r a n s i t i o n s r e s p e c t i v e l y . T h e c a l c u l a t e d 
v a l u e of 10 D q , B and lie in same r a n y o as e x p e c t e d for an 
o c t a h e d r a l c o o r d i n a t e d N i ( I I ) i o n . T h e v a l u e of m a y n e t i c 
m o m e n t 3.09 BM a l s o p r o v i d e s an a d d i t i o n a l e v i d e n c e for the 
o c t a h e d r a l s t r u c t u r e of the c o m p l e x . 
87 
T h e m a g n e t i c m o m e n t 4-78 Bfl for C o ( I I ) c o m p l e x f a l l s in 
the r a n g e r e p o r t e d for an o c t a h e r a l g e o m e t r y . T h e p r e s e n c e 
of a c h a r a c t e r i s t i c s b a n d s at 1 5 , 440 cm 2 0 , 6 0 0 cm ^ and 
2 3 , 3 0 0 cm ^ f u r t h e r s u p p o r t an o c t a h e d r a l c o n f i g u r a t i o n . 
T h e e l e c t r o n i c s p e c t r u m of C u ( I I ) c o m p l e x shov\?s a b r o a d 
- 2 " 2 2 
band at 1 3 , 3 3 0 cm a s c r i b e d to ^g t r a n s i t i o n . A 
band a t 3 3 , 300 c m ~ ^ r e g i o n m a y be d u e to c h a r g e t r a n s f e r . 
T h e m a g n e t i c m o m e n t v a l u e of 1.78 BM a l s o s u p p o r t s an 
o c t a h e d r a l g e o m e t r y . 
T h e m a g n e t i c m o m e n t s (Table X X I I I ) of M n ( I I ) , F e ( I I I ) , 
R u ( I I I ) and R h ( I I I ) c o m p l e x e s of 2 - ( p y r i d i n e - 2 - t h i o n a t o ) 
b e n z o t h i a z o l e lie in 5.90 B M . , 5.79 BM,3.90 and 3.70 BM r a n g e at 
r o o m t e m p e r a t u r e c o n s i s t e n t w i t h an o c t a h e d r a l g e o m e t r y 
a r o u n d the m e t a l i o n s . T h e s p e c t r u m of F e ( I I I ) c o m p l e x 
e x h i b i t b a n d s at 18,940 c m ~ ^ and 2 1 , 6 6 0 c m ~ ^ a s s i g n e d to 
(F) ^ V and ^ T , (F) ^ ^A t r a n s i t i o n s . T h e 
Ig Ig 2g Ig 
R u ( I I I ) c o m p l e x s h o w s two b a n d s a t 1 5 , 5 0 0 c m ~ ^ and 2 0 , 6 4 0 
cm ^ s u p p o r t i n g an o c t a h e d r a l g e o m e t r y . T h e r e f l e c t a n c e 
s p e c t r u m of R h ( I I I ) c o m p l e x s h o w b a n d s at 1 8 , 6 9 0 cm and 
23,700 c h a r a c t e r i s t i c an o c t a h e d r a l g e o m e t r y . 
T h e r e f l e c t a n c e s p e c t r u m of M n ( I I ) e x h i b i t s t h r e e m a i n 
b a n d s at 1 5 , 930 c m ~ ^ , 1 9 , 5 3 0 c m ~ ^ and 2 6 , 6 6 0 c m ~ ^ w h i c h is 
4 6 4 6 
a s s i g n e d to t r a n s i t i o n s T ^ g ( F ) < : — ^ I g ^ ^ ^ ' — " Ig^^^ 
and ^"^ig^P^ ^^Ig^^^ c h a r a c t e r i s t i c of an o c t a h e d r a l 














































































































































iH (N m 
EH EH X: 
CO CO to 
tJi CP CT> 
iH rH r-H < < < 








Cn fci fa QJ 
^ ^ ^ cr, 
cr cji CTi >H rH CM rH (D 







fa Cn (U 
tj> 
CP CPM 
i-l (N (0 
























































fa fa fa 
D^ CP CP 
n-l rH r-l 
EH EH EH 
^ rji 








fa &( Oi 0 
w CP 
Cn CP CTi Vh 
CM rH CN ro 
EH EH €H X: 
^ CJ 
e o O O o o o O o o O o O O o 
to o O o ro n vo o VD O o o o 
'O ro o ••a" CTi m kO oo m o 
c K * 
fO m o in <T, vo rn 00 rH in m o m •n 
























CM fe Clj 
CP cn cn 
CN rsj (N < < < 
n m 00 
Cm Cn Oi 
CT> Cri tji 
<N rH rH 
Eh EH EH 







































CP CP M 
rH (N tc 






















o O O O o o o O O o o o 
o o O n CO o o O o o 
CO CO m CO CO tn LO CO 
^ ^ ^ 
o 'J' cn CO CO m o OO 00 CO 00 












































































CHAPTER - IV 
Synthesis and characterization of complexes of 
some new blheteroaromatic chelating llgands; 
(I) 2(N-succlnlmldyl)pyridlne 
(II) 2(N-succlnlmldyl)pyrlmldlne 
Complexes of 2(N-5uccinimiclyl)pyridlne 
90, 
Experimental 
Materials and methods 
S u c c i n i m i d e ( S i s c o ) , 2 - b r o m o p Y r i d i n e and 2 - b r o m o p y r i -
m i d i n e ( A l d r i c h ) and s o d i u m h y d r i d e (80% s u s p e n s i o n in o i l ) 
w e r e used as r e c e i v e d . C r ( l I I ) , M n ( I I ) , F e ( I I I ) , C o ( I I ) , 
N i ( I I ) , C u ( I I ) , Z n ( I I ) , H g ( I I ) (BDH) and R u ( I I I ) , R h ( I I I ) 
and P d ( l l ) c h l o r i d e (Johnson M a t h e y ) w e r e used as r e c e i v e d . 
P r e p a r a t i o n of s o d i u m s u c c i n i m i d e 
T o a s o l u t i o n of 9.90 g s u c c i n i m i d e in 150 m L of 
e t h a n o l , 4.80 g of s o d i u m h y d r i d e w a s a d d e d s l o w l y w i t h 
c o n s t a n t s t i r r i n g . T h e r e a c t i o n m i x t u r e w a s l e f t o v e r n i g h t 
at room t e m p e r a t u r e . A f t e r h e a t i n g u n d e r r e f l u x for 6 h o u r s 
a vvrhite s oli d w a s p r e c i p i t a t e d . It w a s f i l t e r e d and p u r i f i e d 
by c o l u m n c h r o m a t o g r a p h y on s i l i c a g e l u s i n g CHCl^J H e x a n e . 
Y i e l d 42% M P . 250°C. 
Prepara±ion of 2 - ( N - s u c c i n i m i d y l ) p y r i d i n e 
S o d i u m s u c c i n i m i d e 6.05 g was c a u t i o u s l y a d d e d to 2-
b r o m o p y r i d i n e 4.90 m L in dry e t h a n o l (100 mL) and the 
r e s u l t i n g m i x t u r e r e f l u x e d for 20 h o u r s w i t h c o n t i n u o u s 
s t i r r i n g . T h e d a r k o r a n g e m i x t u r e w a s then p o u r e d i n t o 50 m L 
of w a t e r . A f t e r a few d a y s a v/hite s o l i d w a s o b t a i n e d w h i c h 
w a s f i l t e r e d , d r i e d in v a c u o and r e c r y s t a l l i z e d f r o m 
e t h a n o l . Y i e l d 35% M . P . 190°C. 
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P r e p a r a±io n o f C o m p l e x e s 
T o an e t h a n o l i c (25 m L ) s o l u t i o n of t h e l i g a n d and 
m e t a l (II) or m e t a l (III) h a l i d e (1:2 for M C I 2 and 1:3 for 
M C l n ) s o l u t i o n in the same s o l v e n t w a s a d d e d . T h e r e s u l t i n g 
m i x t u r e w a s h e a t e d o v e r a w a t e r bath for 5 h o u r s and then 
c o o l e d to r o o m t e m p e r a t u r e w h e n it y i e l d e d i m c r o c r y s t a l l i n e 
c o m p l e x e s . T h e s e w e r e f i l t e r e d w a s h e d w i t h e t h a n o l and d r i e d 
in v a c u o . C o l o u r , y i e l d , m e l t i n g p o i n t s and a n a l y t i c a l d a t a 
of the c o m p l e x e s a r e l i s t e d in (Table - X X I V ) . 
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Results and discussion 
2 - ( N - s u c c i n i m i d y l ) p y r i d i n o has been s y n t h e s i z e d in two 
s t e p s i n v o l v i n g f i r s t t h e d e p r o t o n a t i o n of s u c c i n i m i d e and 
then a n u c e l e o p h i l i e d i s p l a c e m e n t of the b r o m i n e a t o m f r o m 
t h e 2 - b r o m o p y r i d i n e as g i v e n b e l o w : 
+ NaH > ( ) "Na"*" 
( C ^ H ^ N 0 2 ) " N a ^ + B r C ^ H ^ N y C g H g N 2 0 2 
2 ( N - s u c c i n i m i d y l ) p y r i d i n e 
C o m p l e x e s w e r e p r e p a r e d by the i n t e r a c t i o n of the 2 - ( N -
s u c c i n i m i d y l ) p y r i d i n e w i t h an e q u i v a l e n t a m o u n t of m e t a l ( I I ) 
and m e t a l ( I I I ) c h l o r i d e s . A c o l o u r e d p r e c i p i t a t e w a s 
o b t a i n e d in h i g h y i e l d (Table - X X I V ) in all c a s e s . T h e s e 
c o m p l e x e s a r e s t a b l e t o w a r d s h e a t and m o i s t u r e . They h a v e 
been c h a r a c t e r i z e d by i . r . and ^H NMR s p e c t r a . 
A l l the c o m p l e x e s are i n s o l u b l e in u s u a l s o l v e n t s 
e x c e p t i n g t h o s e of P d ( I I ) , H g ( I I ) , Ru(III) and R h ( I I I ) w h i c h 
a r e s o l u b l e in D M S O and w a t e r . T h e s e c o m p l e x e s w e r e found to 
be n o n - e l e c t r o l y t e s in D M S O . 
T h e i . r . s p e c t r u m of s o d i u m s u c c i n i m i d e d i d not s h o w 
any a b s o r p t i o n band in 3 3 0 0 - 3 0 0 0 cm ^ r e g i o n d u e to t h e 
a b s e n c e of N-H g r o u p . It s h o w s two b a n d s at 1750 and 1730 
cm ^ r e g i o n i n d i c a t i n g p r e s e n c e of y C = 0 g r o u p . T h e 
s h i f t in i;c=0 to lower f r e q u e n c y by a b o u t 1 0 0 - 7 0 c m ~ ^ a f t e r 
c o m p l e x a t i o n s u g g e s t s the s u g g e s t s the f o r m a t i o n of a m e t a l 
( 99) 
o x y g e n b o n d . L i k e w i s e C=N f r e q u e n c y is a l s o n e g a t i v e l y 








2 - ( N - s u c c i n i m i d y l ) p y r i d i n e 
F i g u r e X X I I I 
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s h i f t e d d u e to c o o r d i n a t i o n of m e t a l via nitrogen a t o m of 
(95 97) 
p y r i d i n e . ' E v i d e n c e for n i t r o g e n c o o r d i n a t i o n in a l l 
c o m p l e x e s is p r o v i d e d by t h e a p p o a r e n c e of a new band in 
4 0 0 - 4 5 0 c m ~ ^ r e g i o n a s s i g n a b l e to ^ M - N a b s e n t in the f r e e 
l i g a n d s p e c t r u m . In the c o m p l e x e s o x y g e n c o o r d i n a t i o n is 
a l s o s u p p o r t e d by the s t r o n g b r o a d M - 0 s t r e t c h i n g f r e q u e n c y 
in 4 5 0 - 5 0 0 cm ^ r e g i o n . B a n d s in t h e far i . r . s p e c t r a of 
t r i v a l e n t c o m p l e x e s s h o w two b a n d s at 2 8 0 - 3 3 0 cm ^ r e g i o n 
a s s i g n e d to b r i d g i n g and t e r m i n a l M - C l f r e q u e n c y (Table -
X X V ) 1 ' ^ ^ ^ ^  H o w e v e r a l l d i v a l e n t m e t a l c o m p l e x e s e x h i b i t 
only o n e M - C l s t r e t c h i n g f r e q u e n c y w h i c h s a t i s f i e s t h e 
c o m p o s i t i o n ( M 2 ( L ) 2 C l g ) and ( M ( L ) 2 C l 2 ) and is c o n s i s t e n t 
w i t h the p r o p e r g e o m e t r y of t h e c o m p l e x e s . 
A l l r e l a v e n t ^H N M R d a t a for the l i g a n d and its c o m p l e x e s 
a r e s u m m a r i z e d in (Table - X X V I ) . T h e ^H NMR p e a k s d u e to 
the p y r i d y l p r o t o n s a r e s i m i l a r t o t h o s e in o t h e r p y r i d y l 
d e r i v e d l i g a n d s . ^  ^ 
T h e ^H N M R s p e c t r u m of l i g a n d ( F i g u r e - X X I I I ) d i s p l a y s 
f o u r p e a k s in the a r o m a t i c r e g i o n . A l l p e a k s a r e s h i f t e d 
d o w n f i e l d upon m e t a l c o o r d i n a t i o n by 1 . 2 4 - 0 . 0 3 p p m . T h e 
l a r g e s t d i f f e r e n c e in t h e c h e m i c a l s h i f t of t h e p r o t o n a t 
p o s i t i o n 6 in the l i g a n d and t h e c o m p l e x e s (Table - X X V I ) is 
c o n s i s t e n t w i t h the c o o r d i n a t i o n of the m e t a l t o n i t r o g e n 
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E l e c t r o n i c s p e c t r a 
T h e o b s e r v e d m a g n e t i c m o m e n t (3.82 BM and 5.84 B M ) for 
t h e C r ( I I I ) and F e ( I I I ) c o m p l e x e s a r e w i t h i n the r a n g e for 
an o c t a h e d r a l g e o m e t r y . T h e e l e c t r o n i c s p e c t r u m of t h e 
C r ( I I I ) c o m p l e x e x h i b i t s b a n d s at 1 5 , 3 3 0 c m ~ ^ and 2 0 , 0 8 0 
c m ~ ^ w h i c h m a y be a s s i g n e d to the 
4 4 
T 2 g ( F ) -t A 2 g ( F ) t r a n s i t i o n s , r e s p e c t i v e l y . F e ( I I I ) 
c o m p l e x shows t w o b a n d at 1 7 , 8 6 0 cm ^ and 21,000 cm ^ 
4 6 4 6 
a s s i g n e d to ^ I g "^Ig t r a n s i t i o n s 
r e s p e c t i v e l y . T h e m a g n e t i c m o m e n t and e l e c t r o n i c b a n d 
p o s i t i o n s of t h e s e c o m p l e x e s i n d i c a t e t h a t they are h i g h 
spin c o m p l e x and h a v e an o c t a h e d r a l g e o m e t r y . 
T h e room t e m p e r a t u r e m a g n e t i c m o m e n t of t h e M n ( I I ) 
c o m p l e x (5.81 BM) is w i t h i n t h e r a n g e for an o c t a h e d r a l 
g e o m e t r y . T h e r e a r e t h r e e m a i n b a n d s (17,500 c m ~ ^ , 1 9 , 5 3 0 
c m ~ ^ and 22,350 c m ~ ^ ) a s s i g n e d to ^'^ig(G) ^ ^ I g ' 
^ T 2 g ( G ) ^A^g and '^^ig^*^) ^^Ig t r a n s i t i o n s 
r e s p e c t i v e l y , b e s i d e s a i n t e n s e c h a r g e t r a n s f e r b a n d 
a p p e a r i n g at 33,330 cm 
T h e e l e c t r o n i c s p e c t r u m of N i ( I I ) c o m p l e x s h o w s t w o 
b a n d s at 15,550 cm ^ and 2 0 , 3 0 0 cm ^ r e g i o n w i t h a c h a r g e 
t r a n s f e r b a n d at 3 3 , 4 0 0 cm T h e m a g n e t i c m o m e n t v a l u e of 
3.09 BM a l s o i n d i c a t e s an o c t a h e d r a l s t r u c t u r e . (Table -
X X V I I ) . 
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T h e e l e c t r o n i c s p e c t r u m for t h e C u ( I I ) c o m p l e x s h o w s 
b a n d s c h a r a c t e r i s t i c of an o c t a h e d r a l g e o m e t r y w h i c h is a l s o 
s u p p o r t e d by the o b s e r v e d m a g n e t i c m o m e n t v a l u e (Table -
X X V I I ) . 
P d ( I I ) c o m p l e x as e x p e c t e d is d i a m a g n e t i c . It d i s p l a y 
b a n d s in its d i f f u s e r e f l e c t a n c e s p e c t r u m at 1 7 , 5 5 0 c m ~ ^ , 
2 3 , 2 2 0 c m ~ ^ and 2 6 , 3 0 0 c m ~ ^ (Table - X X V I I ) s u g g e s t i n g a 
s q u a r e p l a n a r g e o m e t r y a r o u n d the m e t a l i o n . ^ ^ ^ ^ ^ 
T h e C o ( I I ) c o m p l e x s h o w s a m a g n e t i c m o m e n t v a l u e of 
4.65 BM w h i c h a g r e e s w i t h t h e e x p e c t e d v a l u e for h i g h spin 
C o ( I I ) ion in an o c t a h e d r a l g e o m e t r y . It s h o w s t w o b a n d s at 
1 4 , 1 5 0 cm ^ and 2 2 , 3 5 0 cm ^ w i t h a c h a r g e t r a n s f e r b a n d a t 
3 4 , 0 0 0 c m ~ ^ . T h e s e b a n d s a r e a s s i g n e d to ^ T 2 g ( F ) < 
4 4 
and t r a n s i t i o n s r e s p e c t i v e l y . 
R u ( I I I ) c o m p l e x s h o w s t w o b a n d s at 1 5 , 5 0 0 cm ^ and 
-1 4 2 
2 0 , 1 3 0 cm r e s p e c t i v e l y a s s i g n e d to "^Ig* '^2g 
4' 2 
T 2 y t r a n s i t i o n s . A m a g n e t i c m o m e n t v a l u e of 3.64 
BM s u g g e s t an o c t a h e d r a l g e o m e t r y a r o u n d t h e R u ( I I I ) i o n . 
T h e m a g n e t i c m o m e n t of R h ( I I I ) c o m p l e x is 3.58 B M . T h e 
l i g a n d fi e ld s p e c t r u m of t h i s c o m p l e x an o c t a h e d r a l 
g e o m e t r y . It shov/s t w o b a n d s a t 2 1 , 530 cm 2 5 , 6 7 0 cm ^ 
w i t h an i n t e n s e c h a r g e t r a n s f e r at 33,330 cm T h e s e b a n d s 
a r e a s s i g n e d to ^T, < ^ A , and ^A t r a n s i t i o n s ^ lg"= Ig 2g g 
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M = rin(ll), C o ( I I ) , N i ( I I ) , C u ( I I ) , Z n ( l l ) and H g ( l l ) 









N - C r ( i r i ) » F c ( I I R ) , K U ( I I I ) and K H ( L I I ) 
Figure XXIV 
Complexes of 2-(N-succinin[iidyl)pyrlmidine 
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Experimental 
P r e p a r a t i o n of 2 - ( N - s u c c i n i m i d y l )pyriinidine 
An e t h a n o l i c s o l u t i o n of (100 m L ) s o d i u m s u c c i n i m i d e 
(1.21 g ) w a s s l o w l y added w i t h s t i r r i n g to a s o l u t i o n of 1.59 
g of 2 - b r o m o p y r i m i d i n e in 50 mL e t h a n o l . As t h e a d d i t i o n 
p r o g r e s s e d , the l i g h t y e l l o w m i x t u r e t u r n e d d e e p o r a n g e . T h e 
r e s u l t i n g s o l u t i o n w a s r e f l u x e d w i t h s t i r r i n g for a b o u t 24 
h o u r s and then p o u r e d i n t o 50 m L H 2 O . T h e r e s u l t i n g p r o d u c t 
o 
w a s f i l t e r e d and d r i e d u n d e r v a c u o . Y i e l d 5 2 % , M . P . 206 C . 
P r e p a r a t i o n of c o m p l e x e s 
T h e c o m p l e x e s w e r e p r e p a r e d by m i x i n g an E t O H s o l u t i o n 
of 2 - ( N - s u c c i n i m i d y l ) p y r i m i d i n e w i t h t h e all m e t a l c h l o r i d e 
in 1:2 and 1:3 m o l a r r a t i o . A c o l o u r e d p r e c i p i t a t e a p p e a r e d 
in each c a s e a f t e r r e f l u x i n g the s o l u t i o n for a b o u t 8 h o u r s . 
T h i s r e a c t i o n m i x t u r e w a s f i l t e r e d and d r i e d u n d e r v a c u o . 
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Results and discussion 
T h e l i g a n d w a s p r e a r e d a c c o r d i n g to the f o l l o w i n g 
r e a c t i o n s : -
T H P 4. 
r e f l u x ^ ( C ^ H ^ O ^ ) Na + H^ 
T h e i.r s p e c t r u m of s o d i u m s u c c i n i m i d e d o e s not s h o w 
a n y a b s o r p t i o n band in t h e 3 3 0 0 - 3 1 0 0 cm ^ r e g i o n i n d i c a t i n g 
a b s e n c e of the i J N - H , T h e h y d r o g e n a t o m of s u c c i n i m i d e is 
r e p l a c e d by s o d i u m a t o m . 2 - ( N - s u c c i n i m i d y l ) p y r i m i d i n e s h o w s 
a n e g a t i v e s h i f t in the c a s e of y c = N and \/C=0 a f t e r 
c o m p l e x a t i o n , p r o b a b l y d u e to c o o r d i n a t i o n via t h e n i t r o g e n 
• ( 1 1 7 - 1 1 8 ) . ^ . 
a t o m of p y r i m i d i n e and o x y g e n a t o m of 
s u c c i n i m i d e . ^ ^ ^ ^ ^ T h e y C = 0 f r u q u e n c y is s h i f t e d to a l o w e r 
v a l u e by a b o u t 100 cm ^ as c o m p a r e d to it p o s i t i o n in s u c c i -
n i m i d e and is a l s o n e g a t i v e l y s h i f t e d by a b o u t 15 cm 
S o m e new b a n d s of w e a k e r i n t e n s i t y h a v e b e e n o b s e r v e d in 
l o w e r w a v e n u m b e r r e g i o n . A band a p p e a r i n g in 4 5 0 - 5 5 0 cm ^ 
r e g i o n is a s c r i b e d to m e t a l o x y g e n b o n d i n g . A n o t h e r b a n d 
b e t w e e n 4 5 0 - 4 0 0 c m ~ ^ is i n d i c a t i v e of t h e c o o r d i n a t i o n of 
the n i t r o g e n of the p y r i m i d i n e m o i e t y to the m e t a l a t o m 
( F i g u r e - X X V I I ) . ^ ^ ^ ^ ^ 
T h e c o m p l e x e s a r e s t a b l e to h e a t and m o i s t u r e , they a r e 
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Ill 
R u ( I I I ) c o m p l e x e s a r e s o l u b l e in D M S O . T h e low m o l a r c o n d a c -
t a n c e of s o l u b l e c o m p l e x e s s h o w s t h e i r n o n - e l e c t r o l y t i c 
n a t u r e . T h e s u b s t i t u t i o n of c h l o r i d e ions in the c o m p l e x e s 
M L 2 C I 2 (where M = P d ( I I ) and C u ( I I ) and L = 2 - ( N - s u c c i n i m i d y l ) 
p y r i m i d i n e ) by p y r i d i n e in D M S O s o l u t i o n w a s a l s o s t u d i e d . 
T h i s r e p l a c e m e n t has been f o l l o w e d c o n d u c t o r a e t r i c a l l y . A d d i -
tion of p y r i d i n e i n c r e a s e s t h e c o n d u c t a n c e i n d i c a t i n g 
r e p l a c e m e n t of t h e c h l o r i d e i o n . F u r t h e r a d d i t i o n of 
p y r i d i n e i n c r e a s e s t h e c o n d u c t a n c e o n c e a g a i n r e p l a c i n g the 
s e c o n d c h l o r i d e i o n . 
M L 2 C I 2 + py (ML2Clpy)"^ + c l " 
(ML Clpy)"^ + py • (ML2Py2)"^'^ + C l ~ 
A d d i t i o n of any e x c e s s of p y r i d i n e a f t e r t h i s p o i n t 
d o e s n o t m a k e f u r t h e r c h a n g e i n d i c a t i n g t h a t b o t h the 
c h l o r i d e i o n s h a v e b e e n r e p l a c e d by p y r i d i n e (Figure 
X X V I I ) . 
In v i e w of the r e s u l t s of e l e m e n t a l a n a l y s i s m a g n e t i c 
m o m e n t and e l e c t r o n i c s p e c t r a l m e a s u r e m e n t all t h e c o m p l e x e s 
have been t e n t a t i v e l y a s s i g n e d an o c t a h e d r a l s t r u c t u r e . 
T h e m a g n e t i c m o m e n t v a l u e s o b s e r v e d .for C r ( I I I ) and 
F e ( I I I ) c o m p l e x e s a r e w i t h i n the e x p e c t e d r a n g e for an o c t a -
h e d r a l g e o m e t r y . C r ( I I I ) c o m p l e x s h o w s t w o m a i n b a n d s w h i c h 
is c h a r a c t e r i s t i c of an o c t a h e d r a l g e o m e t r y a r o u n d t h e m e t a l 
i o n . T h e e x p e r i m e n t a l m a g n e t i c m o m e n t v a l u e of 6.63 BM at 
112 
2 - ( N - s u c c i n i m i d y l ) p y r i m i d i n e 
F i g u r e X X V 
r o o m t e m p e r a t u r e in F e ( I I I ) is w i t h i n t h e e x p e c t e d r a n g e and 
i n d i c a t e s t h a t it is a high spin c o m p l e x w i t h an o c t a h e d r a l 
g e o m e t r y . 
In t h e c a s e of M n ( I I ) c o m p l e x t h e m a g n e t i c m o m e n t v a l u e 
of 5.87 BM is very c l o s e to t h a t c a l c u l a t e d for f i v e 
u n p a i r e d e l e c t r o n s . T h e e l e c t r o n i c s p e c t r u m of M n ( I I ) 
c o m p l e x e x h i b i t s four w e a k b a n d s at 1 3 , 8 8 0 c m ~ ^ , 1 7 , 8 6 0 
cm 20,000 cm ^ and 2 5 , 0 0 0 c m ~ ^ w h i c h a l s o s u p p o r t s in 
o c t a h e d r a l g e o m e t r y a r o u n d the M n ( I I ) a t o m . 
T h e m a g n e t i c m o m e n t v a l u e s o b s e r v e d f o r C o ( I I ) and 
N i ( I I ) (4.23 BM and 3.45 B M ) c o m p l e x e s i n d i c a t e an 
o c t a h e d r a l g e o m e t r y a r o u n d the m e t a l i o n . T h e e l e c t r o n i c 
s p e c t r u m of C o ( I I ) c o m p l e x e x h i b i t s w e a k b a n d s at 1 6 , 1 3 0 
cm 19,600 cm ^ and 2 2 , 7 3 0 c m ~ ^ w h i c h m a y r e a s o n a b l y be 
a s s i g n e d to T 2 g ( F ) -t- 'T^g(F) and 
- Tj^g(F) t r a n s i t i o n s r e s p e c t i v e l y . T h e N i ( I I ) 
c o m p l e x e x h i b i t s t h r e e b a n d s at 1 3 , 7 0 0 c m ~ ^ , 1 8 , 1 8 0 c m ~ ^ and 
23,260 cm ^ c h a r a c t e r i s t i c of an o c t a h e d r a l g e o m e t r y a r o u n d 
113 
2 3 , 2 6 0 c h a r a c t e r i s t i c of an o c t a h e d r a l g e o m e t r y a r o u n d 
the m e t a l i o n . ^ ^ ^ J ) 
H i g h m e l t i n g p o i n t and i n s o l u b i l i t y of t h e c o m p l e x e s 
i n d i c a t e s t h e p o l y m e r i c n a t u r e of t h e compld^ces. T h e l i g a n d 
field p a r a m e t e r s , l O D q , B and h a v e a l s o b e e n c a l c u l a t e d 
w h e r e v e r p o s s i b l e . T h e n e p h e l a u x e t i c p a r a m e t e r e v a l u a t e d 
for some of t h e s e c o m p l e x e s s u g g e s t s a low d e g r e e of 
c o v a l e n c y . 
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CHAPTER - V 
Synthesis and characterization of complexes obtained 
from pyridine,benzoxazole and pyrlmldlne 
sybstituted 2-mercaptobenzothlazole ligands; 
(I) 2 - ( 2 ' - m e r c a p t o b e n z o t h l a z o l y l ) p y r l d i n e 
(II) 2 , 6 - b l s ( 2 ' - m e r c a p t o b e n z o t h l a z o l y l ) p y r l m l d l n e 




M a t e r i a l s a n d m e t h o d s 
2-fIercaptobenzothiazole (Koch L i g h t ) , 2 - b r o m o p y r i d i n e , 
2 , 6 - d i c h l o r o p y r i m i d i n e and 2 - b r o m o b e n z o x a z o l e ( A l d r i c h ) a n d 
s o d i u m b y d r i d e (80% s u s p e n s i o n in o i l ) w e r e u s e d as s u p p l i e d . 
A l l m e t a l c h l o r i d e s [ C r ( I I I ) , M n ( I I ) , F e ( I I I ) , C o ( I I ) , 
N i ( I I ) , C u ( I I ) , Z n ( I I ) , H g ( I I ) (BDH A n a l a r ) and R u ( I I I ) , 
R h ( I I I ) , P d ( I I ) , A u ( I I I ) and P t ( I V ) (Jhonson M a t h e y ) ] w e r e 
u s e d as r e c e i v e d . 
P r e p a r a t i o n of s o d i u m s a l t of 2 - m e r c a p t o b e n z o t h i a z o l e 
T h e l i g a n d s o d i u m 2 - m e r c a p t o b e n z o t h i a z o l i d e w a s f o r m e d 
by 2 - m e r c a p t o b e n z o t h i a z o l e (6.65 g ) w i t h s o d i u m h y d r i d e 
(2.95 g ) , in dry e t h a n o l (150 m L ) . A f t e r t h e t h e o r e t i c a l 
v o l u m e of h y d r o g e n gas w a s e v o l v e d t h e r e a c t i o n w a s s t o p p e d . 
o 
On c o o l i n g to -5 C a l i g h t y e l l o w p r o d u c t w a s o b t a i n e d by a t 
o 
25 C it t u r n e d i n t o a l i q u i d . 
P r e p a r a t i o n of 2 - { 2 - m e r c a p t o b e n z o t h i o z o l y l ) p y r i d i n e 
S o d i u m - 2 - m e r c a p t o b e n z o t h i o z o l i d e (2.0 g) and 2 - b r o m o -
p y r i d i n e (1.20 m L ) w e r e m i x e d t o g e t h e r in d r y e t h a n o l (150 
m L ) and r e f l u x e d for a b o u t 14 h o u r s . A w h i t e p r o d u c t w a s 
o b t a i n e d on h e a t i n g on the w a t e r b a t h , b u t a f t e r 4 h o u r s it 
t u r n e d b l a c k . T h i s r e s u l t i n g s o l i d w a s f i l t e r e d f r o m t h e 
r e a c t i o n m i x t u r e , w a s h e d w i t h e t h a n o l and r e c r y s t a l l i z e d 
118 
f r o m w a t e r . Y i e l d 3 2 % , M . P . 180°C. 
P r e p a r a t i o n o f c o m p l e x e s 
E t h a n o l i c s o l u t i o n of the l i g a n d and m e t a l c h l o r i d e 
( M n C l 2 , F e C l ^ , , N i C l 2 , C U C I 2 , ZnCl2 H g C l 2 , R U C I 3 , R h C l ^ , 
P d C l 2 . H A u C l ^ and H 2 P t C l g ) in 1:2 (in c a s e of M C I 2 ) and 1:3 
(in c a s e of M C l ^ ) (M:L) m o l a r r a t i o s w e r e m i x e d t o g e t h e r and 
r e f l u x e d for a b o u t 6 h o u r s . A c o l o u r e d p r e c i p i t a t e w a s 
o b t a i n e d which", w a s f i l t e r e d off w a s h e d w i t h e t h a n o l and 
f i n a l l y v a c u u m d r i e d . T h e c o l o u r s y i e l d s , m e l t i n g p o i n t and 
e l e m e n t a l a n a l y s i s for t h e c o m p l e x e s a r e g i v e n in 
T a b l e - X X X I . 
Results and discussion 
2 - ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) p y r i d i n e is p r e p a r e d in 
two s t e p s . In the f i r s t step by the a c t i o n of s o d i u m h y d r i d e 
on 2 - m e r c a p t o - b c n z o t h i a z o l e r e s u l t s in t h e f o r m a t i o n of t h e 
s o d i u m s a l t of 2 - m e r c a p t o b e n z o t h i o z o l e w h i c h in the s e c o n d 
step r e a c t s w i t h 2 - b r o m o p y r i d i n e . E l e m e n t a l a n a l y s i s , c o l o u r , 
m e l t i n g p o i n t and p e r c e n t y i e l d of t h e l i g a n d and its 
c o m p l e x e s are g i v e n in T a b l e - X X X I . T h e s o l i d c o m p l e x e s a r e 
q u i t e s t a b l e t o w a r d s h e a t and m o i s t u r e and a r e i n s o l u b l e in 
c o m m o n o r g a n i c s o l v e n t s , e x c e p t for t h o s e of R u ( I I I ) , 
R h d I I ) , P d ( I I ) and A u ( I I I ) w h i c h a r e s o l u b l e in D M S O . T h e 
m o l a r c o n d u c t i v i t i e s of t h e s e c o m p l e x e s in D M S O at r o o m 
t e m p e r a t u r e i n d i c a t e t h e i r non i o n i c n a t u r e . 
On the b a s i s of m a g n e t i c m o m e n t s , i . r . and -electronic 
s p e c t r a , an o c t a h e d r a l g e o m e t r y is s u g g e s t e d for a l l b u t t h e 
A u ( I I I ) and P d ( I I ) c o m p l e x e s . T h e l i g a n d 2 - m e r c a p t o b e n z o -
t h i a z o l e e x i s t s in the t a u t o m e r i c f o r m t h i o l ( F i g u r e - I I B) 
and t h i o n e (Figure - I I C ) . In s o l u t i o n t h e l i g a n d c o n s i s t s 
m a i n l y of the t h i o n e f o r m as e v i d e n c e d by t h e p r e s e n c e of 
S - H b a n d at 2600 cm ^ w h i c h is n o t p r e s e n t in t h e s o l i d . 
S o d i u m 2 - m e r c a p t o b e n z o t h i a z o l e d o e s n o t s h o w a n y a b s o r p t i o n 
b a n d in 3 4 0 0 - 3 1 0 0 cm ^ and 2 800-2500 cm ^ r e g i o n a s s i g n e d to 
(49) 
N - H and S - H b a n d s . A n e w p e a k o b s e r v e d a t 1050 cm is 
a s s i g n e d to C = S . T h e c h e l a t i n g l i g a n d 2 - ( 2 ' - m e r c a p t o b e n -
z o t h i a z o l y ) p y r i d i n c (Figure - X X V I I I ) c o n t a i n s a l a r g e 
120 
n u m b e r of a b s o r p t i o n b a n d s at 1610 cm 1595 cm ^ and 1050 
c m ~ ^ a s s i g n e d to i;c=N, iJ C = C and JJ C=S r e s p e c t i v e l y . ^ ^ T h e 
s t r o n g b a n d s at 1610 cm ^ and 1595 c m ^ d u e t o V C = N , and 
V C=C of the l i g a n d are s h i f t e d to l o w e r r e g i o n in t h e m e t a l 
c o m p l e x e s i n d i c a t i n g c o o r d i n a t i o n of t h e m e t a l ion t h r o u g h 
the n i t r o g e n a t o m of p y r i d i n e . S u c h a n e g a t i v e s h i f t of t h e 
C = N s t r e t c h i n g m o d e to l o w e r f r e q u e n c y on c o m p l e x a t i o n m a y 
t e n t a t i v e l y be a t t r i b u t e d t o a l o w e r i n g in t h e C = N b o n d 
o r d e r r e s u l t i n g f r o m M - N b o n d f o r m a t i o n . A s t r o n g b a n d at 
1050 cm ^ a s c r i b e d to t h e U C = S is s h i f t e d to l o w e r 
f r e q u e n c y (10-20 cm i n d i c a t i n g t h e b o n d i n g of the m e t a l 
ion t h r o u g h the s u l p h u r a t o m a l s o . In a d d i t i o n , a l l t h e 
m e t a l c o m p l e x e s show' b a n d s in the far i . r . r e g i o n ( 4 5 0 - 4 0 0 
cm and ( 4 0 0 - 3 0 0 cm w h i c h a r e a s s i g n e d to M - N and M - S 
s t r e t c h i n g v i b r a t i o n s , r e s p e c t i v e l y . A n e w b a n d o b s e r v e d in 
3 0 0 - 2 0 0 cm ^ r i g i o n is a s s i g n e d to i; M - C l . In c o m p l e x e s of 
t r i v a l e n t m e t a l t h e r e a r e t w o b a n d s in 3 0 0 - 2 0 0 cm ^ r a n g e 
a s s i g n e d to t e r m i n a l and b r i d g i n g M - C l b a n d s , w h i l e t h o s e 
of the d i v a l e n t m e t a l s ions e x h i b i t o n l y o n e M - C l 
s t r e t c h i n g f r e q u e n c y . 
^H NMR s p e c t r a l d a t a t o g e t h e r w i t h t h e i r a s s i g n m e n t a r e 
g i v e n in T a b l e - X X X I I I . T h e ^H N M R s p e c t r a a r e c o m p l i c a t e d 
and t h e i r a s s i g n m e n t s of c h e m i c a l s h i f t s w e r e m a d e on t h e 
p a t t e r n of t h e p e a k a s s i g n m e n t g i v e n for s i m i l a r c o m p o u n d s 
by S t e e l and C o n s t a b l e . T h e d o w n f i e l d s h i f t o b s e r v e d in 




2 - ( 2 - m e r c a p t o b G n s o t h i a z o l y l ) 
p y r i d i n e 
F i g u r e X X V I I I 
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as w e l l as s u l p h u r a t o m of the l i g a n d . T h e l a r g e s t c h e m i c a l 
s h i f t o b s e r v e d for the p r o t o n s at p o s i t i o n 6 and 4 of 
p y r i d i n e a l s o s u g g e s t c o o r d i n a t i o n t h r o u g h n i t r o g e n a t o m of 
p y r i d i n e (Table - X X X I I I ' 
E l e c t r o n i c s p e c t r a 
T h e C r ( I I I ) c o m p l e x of 2 - ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) 
p y r i d i n e s h o w s t h r e e b a n d s a t 16,200 cm 1 9 , 5 0 0 cm ^ and 
2 3 , 340 c m " ^ a s s i g n a b l e to '^Tj^g(F) ,, ( F) , ( F ) ( F) 
4 4 
and Tj^g(P) < A 2 g ( F ) t r a n s i t i o n s r e s p e c t i v e l y for an 
o c a t a h e d r a l C r ( I I I ) i o n . T h e ^eff v a l u e of 3.62 BM in 
C r ( I I I ) c o m p l e x is s l i g h t l y l o w e r than t h a t e x p e c t e d for an 
o c t a h e d r a l g e o m e t r y and is p r o b a b l y d u e to l i g a n d b r i d g i n g . 
T h e r e is a s t r o n g c h a r g e t r a n s f e r band at 3 3 , 330 cm ^ 
in C o ( I I ) c o m p l e x of 2 - ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) p y r i d i n e . 
T h e o t h e r b a n d s at 1 5 , 2 6 0 2 1 , 3 0 0 c m ~ ^ a s s i g n e d to 
^ T 2 g ( F ) < — ^ T j ^ g ( F ) '^T^g(P)-^ ^ T ^ g ( F ) t r a n s i t i o n s r e s p e c -
t i v e l t y , a r e s u g g e s t i v e of an o c t a h e d r a l g e o m e t r y for C o ( I I ) 
i o n , h o w e v e r t h e /'eff v a l u e of 3.98 BM for t h i s c o m p l e x is 
l o w e r tha n t h a t e x p e c t e d for a high spin o c t a h e d r a l C o ( I I ) 
1 (123) 
c o m p l e x . 
B e s i d e s a c h a r g e t r a n s f e r band at 3 4 , 4 3 0 cm ^ in N i ( I I ) 
c o m p l e x t h e r e a r e t h r e e m o r e b a n d s c o n s i s t e n t w i t h an 
^^ T h . 
(124) 
o c t a h e d r a l g e o m e t r y for the N i (II) ion.^^^' T h e ^eff v a l u e 
(2.98 B M ) a l s o s u p p o r t s the a b o v e g e o m e t r y . 
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T h e e l e c t r o n i c s p e c t r u m of C u ( l l ) c o m p l e x s h o w s t w o 
m a i n b a n d s at 1 3 , 5 0 0 c m ~ ^ and 2 0 , 6 3 0 cm ^ a s s i g n e d to 
T 2 2 
A , , E < B , t r a n s i t i o n s , r e s p e c t i v e l y . T h e 
ig g -'•g 
"eff v a l u e of 1.82 BM for t h i s c o m p l e x a l s o s u p p o r t s t h e 
p r o p o s e d o c t a h e d r a l s t r u c t u r e . ^ ^ ^ ^ ^ 
T h r e e m a i n b a n d s are o b s e r v e d in the Fe(III) c o m p l e x at 
1 6 , 3 6 0 c m ~ ^ , 1 8 , 9 0 0 c m ~ ^ and 25,450 c m ~ ^ a s s i g n a b l e t o 
t r a n s i t i o n s for an o c t a h e d r a l g e o m e t r y . T h e ^ e f f v a l u e is 
very c l o s e to t h a t e x p e c t e d for an o c t a h e d r a l F e ( l I I ) ion^.^^^^ 
T h e ^ e f f v a l u e s of 2.12 BM and 2.53 BM for R u ( l I I ) and 
R h ( I I I ) c o m p l e x e s as w e l l t h e i r e l e c t r o n i c s p e c t r a a r e 
c o n s i s t e n t w i t h an o c t a h e d r a l g e o m e t r y a b o u t t h e s e m e t a l 
i o n s . R u ( I I I ) c o m p l e x d i s p l a y s o n l y o n e b a n d at 1 9 , 3 3 0 c m ~ ^ 
c o r r e s p o n d i n t to t h e t r a n i s i t i o n h a v i n g an 
o c t a h e d r a l g e o m e t r y . The R h ( I I I ) c o m p l e x e x h i b i t s f o u r 
a b s o r p t i o n b a n d s a t 1 1 , 5 3 0 1 5 , 6 3 0 c m ~ ^ , 1 8 , 9 5 0 c m ~ ^ 
and 2 0 , 3 5 0 c m ~ ^ a s s i g n e d to ^"^ig^ ^ ^ I g ' 
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Complexes of 2,6-bis(2'mercaptobenzothiazolyl)pyrimidine 
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Experimental 
P r e p a r a t i o n o f 2,6 b i s ( 2 - m e r c a p t o b e n z o t h i a z o l y D " p y r i m i d i n e 
T o a s o l u t i o n of 8.35 g of 2 - m e c r a p t o b e n z o t h i a z o l e in 
100 m L of a n h y d r o u s x y l e n e , 4.18 g of s o d i u m h y d r i d e v/as 
a d d e d s l o w l y . T h e r e a c t i o n m i x t u r e w a s s t i r r e d o v e r n i g h t at 
r o o m t e m p e r a t u r e . 3.72 g of 2 , 6 - d i c h l o r o p y r i m i d i n e in 
a n h y d r o u s x y l e n e w a s a d d e d to the s u s p e n s i o n of s o d i u m s a l t 
of 2 - m e r c a p t o b e n s o t h i a z o l e . A f t e r h e a t i n g u n d e r r e f l u x for 
32 h o u r s the s o l u t i o n was e v a p o r a t e d u n d e r v a c u u m . T h e 
r e s u l t i n g so l id 2,6 b i s ( 2 - m e r c a p t o b e n z o t h i a z o l y l ) p y r i m i d i n e 
w a s f i l t e r e d and p u r i f i e d by c o l u m n c h r o m a t o g r a p h y on s i l i c a 
g e l u s i n g a c e t o n e as e l u e n t . Y i e l d 5 5 % , m . P . 120°C. 
P r e p a r a t i o n of c o m p l e x e s 
T h e c o m p l e x e s w e r e p r e p a r e d by m i x i n g the l i g a n d 
s o l u t i o n in a c e t o n e to the m e t a l h a l i d e s o l u t i o n ( C r C l ^ , 
MnCl2/ F e C l ^ , C 0 C I 2 , N i C l 2 , CUCI2/ Z n C l 2 , H g C l 2 , P d C l 2 , 
RhCl^/ R u C l ^ and H 2 P t C l g in t h e same s o l v e n t in 1:2 and 1:3 
(M:L) r a t i o . In each c a s e it w a s r e f l u x e d w i t h s t i r r i n g . A 
c o l o u r e d solid p r o d u c t a p p e a r e d a f t e r k e e p i n g the r e a c t i o n 
m i x t u r e for a few d a y s , w h i c h w a s t h r o u g h l y w a s h e d w i t h the 
same s o l v e n t and d r i e d in v a c u o . 
T h e r e a c t i o n may be r e p r e s e n t e d as b e l o w -
t M C I 3 
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Results and discussion 
T h e a n a l y t i c a l r e s u l t s of t h e c o m p l e x e s (Table-XXXV) a r e 
in a g r e e m e n t w i t h t h e i r c o m p o s i t i o n . D u e to t h e i r i n s o l u b i -
lity in o r g a n i c s o l v e n t s , t h e c o n d u c t i v i t y m e a s u r e m e n t s a n d 
r e c r y s t a l l i z a t i o n c o u l d n o t b e d o n e . O n l y R u ( I I I ) , R h ( I I I ) , 
P d ( I I ) a n d H g ( I I ) c o m p l e x e s a r e s o l u b l e in o r g a n i c s o l v e n t s 
s u c h as w a t e r , D M S O a n d n i t r o b e n z e n e e t c . T h e l o w m o l a r 
c o n d u c t a n c e v a l u e of t h e s e c o m p l e x e s s h o w s t h e i r n o n -
e l e c t o l y t i c n a t u r e . 
T h e i . r . s p e c t r u m of s o d i u m s a l t of 2 - m e r c a p t o b e n z o t h i a 
z o l e s h o w s b a n d s at 1 5 5 0 cm 1 0 5 0 cm ^ a n d 640 c m ~ ^ w h i c h 
m a y be a s s i g n e d t o VC=C, 1/'C=S a n d y c - S v i b r a t i o n s , r e s p e c t i -
v e l y . T h e d i s a p p e a r a n c e of oJN-H a n d V S - H b a n d s at a r o u n d 
3300 - 3 1 0 0 c m ~ ^ a n d 2 5 0 0 - 2 3 0 0 c m ~ ^ is d u e t o t h e r e m o v a l 
of t h e p r o t o n s f r o m t h e l i g a n d 2 - m e r c a p t o b e n z o t h i a z o l e f o r 
t h e f o r m a t i o n of i t s s o d i u m s a l t . O n e a d d i t i o n a l a b s o r p t i o n 
b a n d at 1 6 3 0 cm ^ is o b s e r v e d in t h e s p e c t r a o f 2 , 6 - b i s ( 2 ' -
m e r c a p t o b e n z o t h i a z o l y l ) p y r i m i d i n e is a s s i g n e d t o C = N a b s o r p -
t i o n b a n d . A c o m p a r i s o n of t h e s p e c t r a of f r e e c h e l a t i n g 
l i g a n d w i t h t h o s e of t h e i r t r a n s i t i o n m e t a l c o m p l e x e s 
i n d i c a t e s t h a t t h e C = N s t r e t c h i n g f r e q u e n c y u n d e r g o e s 
s i g n i f i c a n t c h a n g e s . T h e C = S f r e q u e n c y is a l s o s h i f t e d 
n e g a t i v e l y d u e to t h e c o o r d i n a t i o n t h r o u g h t h e t h i o c a r b o n y l 
s u l p h u r a t o m . T h e r e a r e m a n y n e w b a n d s in t h e f a r i . r . 
s p e c t r a of t h e c o m p l e x e s d u e to t h e U M - N , i/M-S a n d ^ M - C l 
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-1 (99) 
f r e q u e n c i e s lie in • the r a n g e of 500 - 200 cm r e g i o n . 
In d i v a l e n t c o m p l e x e s the p r e s e n c e of only one M - C l band is 
i n d i c a t i v e of an o c t a h e d r a l g e o m e t r y . The l i g a n d m u s t be 
b i d e n t a t e in all the c o m p l e x e s . The t r i v a l e n t c o m p l e x e s a l s o 
have a c h l o r i n e b r i d g e d an o c t a h e d r a n geometry/ w i t h 
c o o r d i n a t i o n t h r o u g h the n i t r o g e n atom of p y r i m i d i n e and 
s u l p h u r atom of 2 - m e r c a p t o b e n z o t h i a z o l e m o l e c u l e . 
The ^H NMR s p e c t r u m of the 2 , 6 - b i s ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) 
p y r i m i d i n e (Figure - XXX. ) d i s p l a y s six p e a k s in the 
a r o m a t i c p r o t o n region (Table - X X X V I I ) due to the b e n z e n e 
ring of 2 - m e r c a p t o b e n z o t h i a z o l e and p y r i m i d i n e m o l e c u l e . ^ ^ ^ ^ ^ 
The dov/nfield shift in the a r o m a t i c proton r e g i o n of the 
c o m p l e x e s is due to the c o o r d i n a t i o n via the n i t r o g e n a t o m 
of p y r i m i d i n e and s u l p h u r atom of 2 - m e r c a p t o b e n z o t h i a z o l e 
m o i e t y . 
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E l e c t r o n i c s p e c t r a 
T h e o b s e r v e d m a g n e t i c m o m e n t s (3.68 BM 5.80 BM and 5.46 
BM) for the C r ( I I I ) , M n ( I I ) and F e ( I I I ) c o m p l e x e s a r e w i t h i n 
the r a n g e of an o c t a h e d r a l g e o m e t r y for t h e s e c o m p l e x e s . T h e 
e l e c t r o n i c s p e c t r u m of C r ( I I I ) c o m p l e x e x h i b i t s b a n d s at 
20,320 c m ~ ^ and 2 4 , 6 8 0 c m ~ ^ w h i c h m a y r e a s o n a b l y be a s s i g n e d 
to the ^^  t r a n s i -
t i o n s . In a d d i t i o n to the c h a r g e t r a n s f e r b a n d at 3 2 , 2 5 0 
cm ^ the M n ( I I ) c o m p l e x a l s o shows two b a n d s a t 1 5 , 3 8 0 cm ^ 
-1 4 6 
and 2 3 , 800 cm a s s i g n a b l e to Tj^g(G).^: A^^^ and 
4 6 
E (G) A , t r a n s i t i o n s , r e s p e c t i v e l y . T h e F e ( I I I ) 
g ig 
c o m p l e x e x h i b i t s two b a n d s at 1 5 , 3 2 0 cm and 1 8 , 9 0 0 cm ^ 
4 6 4 6 
a s s i g n e d to T ^ ^ « A^^^. and E g ( G ) ^ A ^ ^ t r a n s i t i o n s , 
r e s p e c t i v e l y . An i n t e n s e c h a r g e t r a n s f e r b a n d at 3 2 , 3 4 0 
c m ~ ^ is a l s o o b s e r v e d . ^ ^ ^ ^ ' ^ 
T h e room t e m p e r a t u r e m a g n e t i c m o m e n t v a l u e of C o ( I I ) 
c o m p l e x is 4.72 BM is s l i g h t l y l o w e r than t h e n o r m a l v a l u e 
fo an o c t a h e d r a l g e o m e t r y . T h e r e a r e t w o m a i n b a n d s at 
1 6 , 320 c m " ^ and 2 6 , 6 3 0 c m " ^ a s s i g n a b l e to 
4 4 
and T ^ g ( P ) .f T ^ g ( F ) t r a n s i t i o n s , r e s p e c t i v e l y b e s i d e a 
c h a r g e t r a n s f e r b a n d a p p e a r i n g at 3 3 , 3 4 0 cm 
T h e N i ( I I ) c o m p l e x s h o w s two s t r o n g band at 18,550 c m ~ ^ 
and 26 , 320 c m ~ ^ a s s i g n e d to ^ T ^ g ( F ) < ^ A 2 y ( F ) and 3 3 
t r a n s i t i o n s , r e s p e c t i v e l y for an 
o c t a h e d r a l g e o m e t r y a r o u n d the m e t a l i o n . T h e m a g n e t i c 
1 4 1 
m o m e n t 3.09 BM is a l s o c o n s i s t e n w i t h the a c c e p t e d v a l u e f o r 
an o c t a h e d r a l g e o m e t r y . ^  ^ 
T h e C u d i ) c o m p l e x s h o w s a s t r o n g band at 1 3 , 3 3 0 c m ~ ^ 
2 2 
a s s i g n a b l e to '^2g * ^g t r a n s x t i o n . T h e m a g n e t i c m o m e n t 
v a l u e of 1.85 BM o b s e r v e d for t h e C u ( I I ) c o m p l e x a l s o 
s u p p o r t s an o c t a h e d r a l g e o m e t r y . In t h e c a s e of R u ( I I I ) and 
R h ( I I I ) c o m p l e x e s the m a g n e t i c m o m e n t s v a l u e of 3.02 BM and 
3.06 BM r e s p e c t i v e l y i n d i c a t e s an o c t a h e d r a l g e o m e t r y . T h e 
e l e c t r o n i c s p e c t r u m of t h e R u ( I I I ) c o m p l e x e x h i b i t s only o n e 
-1 2 2 
b a n d at 1 9 , 350 cm c o r r e s p o n d i n g to '^2g 
t i o n . H o w e v e r t h e R h ( I I I ) c o m p l e x s h o w s t w o b a n d s at 1 6 , 5 5 0 
cm ^ and 2 1 , 300 c m ~ ^ a s s i g n e d to ^^Ig 
^^Ig t r a n s i t i o n s for an o c t a h e d r a l s t r u c t u r e 
i n v o l v i n g c h l o r i n e b r i d g e s as p r o p o s e d in f i g u r e - X X X I , 
T h e c o m p l e x e s of P d ( I I ) and P t ( I V ) a r e d i a m a g n e t i c as 
e x p e c t e d . T h e P t ( I V ) c o m p l e x s h o w s t h r e e m a i n b a n d s at 
1 9 , 2 3 0 c m ~ ^ , 2 1 , 5 4 0 c m ~ ^ and 2 6 , 6 6 0 c m " ^ a s s i g n e d to 
^Ag and t r a n s i t i o n s , 
r e s p e c t i v e l y for an o c t a h e d r a l g e o m e t r y . P d ( I I ) d i s p l a y s 
t h r e e m a i n b a n d s (Table X X X V I I ) c h a r a c t e r i s t i c of a s q u a r e 
p l a n a r g e o m e t r y a r o u n d P d ( I I ) i o n . 
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Complexes of 2-(2'-mercaptobenzothiazolyl)benzoxazole 
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Experimental 
P r e p a r a t i o n of 2 - ( 2 ' - m e r c a p t o b e n z o t h i o z o l y l ) b e n z o x a z o l e 
T o a s o l u t i o n of s o d i u m s a l t of 2 - m e r c a p t o b e n z o t h i a z o l e 
(8.36 g ) ( o b t a i n e d by the m e t h o d d i s c r i b e d in e a r l i e r p a g e s ) 
in dry e t h a n o l w a s a d d e d 5.25 m L of 2 - b r o m o b e n z o x a z o l e and 
the m i x t u r e w a s r e f l u x e d for 25 m i n u t e s . A w h i t e solid w a s 
o b t a i n e d i m m e d i a t e l y w h i c h t u r n e d b l a c k a f t e r a few h o u r s . 
T h i s r e a c t i o n m i x t u r e w a s r e f l u x e d w i t h s t r r i n g for a b o u t 6 
h o u r s . A f t e r c o m p l e t i o n of the r e a c t i o n t h e b l a c k p r o d u c t w a s 
w a s h e d w i t h e t h a n o l and d r i e d in v a c u o . T h e c r u d e p r o d u c t 
w a s c h r o m a t o g r a p h c d o v e r a s i l i c a gel c o l u m n ( e l u o n t c h l o r o -
o 
form and h e x a n e ) for p u r i f i c a t i o n . Y i e l d 40% M . P . 210 C . 
P r e p a r a t i o n of c o m p l e x e s 
T h e c o m p l e x e s w e r e p r e p a r e d by r e a c t i n g a h o t s o l u t i o n 
of the l i g a n d 2 - ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) b e n z o x a z o l e (1 
m m o l ) in 50 mL dry e t h a n o l w i t h t r i v a l e n t m e t a l c h l o r i d e 
( R u ( I I I ) , R h ( I I I ) , C r ( I I I ) , F e ( l I I ) and A u ( I I I ) (0.3 m m o l ) 
and d i v a l e n t m e t a l c h l o r i d e ( M n ( I I ) , C o ( I I ) , N i ( I l ) , C u ( I I ) , 
Z n ( l l ) , H g ( I I ) and P d ( I I ) (0.5 m m o l ) in the s a m e s o l v e n t . 
T h e m i x t u r e s was h e a t e d u n d e r r e f l u x for 10 h o u r s and a f t e r 
c o o l i n g to room t e m p e r a t u r e the c o l o u r e d s o l i d p r o d u c t 
o b t a i n e d w a s f i l t e r e d w a s h e d w i t h w a t e r and d r i e d in v a c u o . 
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Results and discussion 
E l e m G n t a l a n a l y s e s , c o l o u r s , d e c o m o s i t i o n t e m p e r a t u r e s 
and p e r c e n t yields all the c o m p o u n d s are listed in T a b l e - X X X I X . 
They have been f u r t h e r c h a r a c t e r i z e d by i n f r a r e d s p e c t r a , 
^•H.NMR and u v - v i s i b l e spectra and m a g n e t i c m o m e n t m e a s u r e -
m e n t s . The c o m p l e x e s analysed as M X 2 L 2 and M 2 X g L 2 (L=2-( 
2 ' - m e r c a p t o b e n z o t h i a z o l y l ) b e n z o x a z o l e , X = c h l o r i d e i o n s , 
M = m e t a l c h l o r i d e s ) and found to be i n s o l u b l e in m o s t common 
o r g a n i c s o l v e n t s , but P d ( I I ) R u ( I I I ) and R h ( l I I ) c o m p l e x e s 
are soluble in D M S O , w a t e r and a c e t o n i t r i l e . 
The p r e s e n c e of C=S band and the a b s e n c e of any 
a b s o r p t i o n bands in 3300-3100 cm ^ r e g i o n in t h e , i . r . 
s p e c t r u m of s o d i u m salt of 2 ' - m e r c a p t o b e n z o t h i a z o l e 
(46-47) 
i n d i c a t e s t h a t the ligand is in the t h i o n e f o r m . 
Sodium salt of 2 ' - m e r c a p t o b e n z o t h i a z o l e w h e n t r e a t e d with 
2 - b r o m o b e n z o x a z o l e y i e l d e d a m u l t i d e n t a t e n o v e l c h e l a t i n g 
c o m p o u n d 2 - ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) b e n z o x a z o l e (Figure -
XXXO). 
T h e l ; C = N , y c - N , )) C=S, \J C-S and \) C-0 f r e q u e n c i e s are 
o b s e r v e d in the region 1640 c m ~ ^ , 1230 c m ~ ^ , 1050 c m ~ ^ , 820 
cm ^ and 610 cm ^ in the free ligand 2 - ( 2 - m e r c a p t o b e n z o t h i a -
z o l y l ) b e n z o x a z o l e . The n e g a t i v e shift in C=N s t r e t c h i n g 
f r e q u e n c y a f t e r c o m p l e x a t i o n is p r e s u m b l y due to the 
c o o r d i nation via the n i t r o g e n atom of b e n z o x a z o l e m o i e t y . 
The C=S s t r e t c h i n g frequency at 1050 c m ~ ^ is shifted to low 
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2 - ( 2 - m o r c a p t o b o n z o t h i a z o l y l ) 
b e n z o x a z o l o 
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f r e q u e n c y r e g i o n by a b o u t 40-10 cm ^ in all the c o m p l e x e s 
s u g g e s t i n g c o o r d i n a t i o n t h r o u g h the s u l p h u r a t o m , P o s i t i v e 
s h i f t of i)C-0 and C - S f r e q u e n c i e s is a l s o o b s e r v e d in t h e 
c o m p l e x e s . 
E v i d a n c e for n i t r o g e n c o o r d i n a t i o n in a l l the 
c o m p l e x e s is p r o v i d e d by t h e a p p e a r e n c e of a strong new 
b a n d s at 4 5 0 - 3 9 0 cm T h e b a n d s o v s o r v e d in the far i . r . 
s p e c t r a in t h e r e g i o n 3 9 0 - 3 2 0 cm ^ a r e a s s i g n e d to M - S 
s t r e t c h i n g f r e q u e n c i e s . A band of m e d i u m i n t e n s i t y in the 
r e g i o n 330-290 cm ^ can be a s s i g n e d to M - C l s t r e t c h i n g m o d e s , 
h o w e v e r in c a s e of F e ( l I I ) , C r ( I I l ) , R u ( I I I ) and R h ( l I I ) 
c o m p l e x e s t w o b a n d s a t 310 c m " ^ , 290 c m ~ ^ and 320 290 
cm ^ and 330 cm 310 cm ^ and 310 cm 280 cm ^ c h a r a c -
t e r i s t i c of t e r m i n a l and b r i d g i n g s t r e t c h i n g f r e q u e n c i e s 
o b s e r v e d only. One M - C l m o d e s a r e f o u n d in o t h e r c o m p l e x e s 
s u g g e s t i n g an o c t a h e d r a l g e o m e t r y for all the c o m p l e x e s . 
E l e c t r o n i c s p e c t r a 
T h e e l e c t r o n i c s p e c t r a l b a n d s for M n ( I I ) c o m p l e x at 
1 6 , 5 5 0 " c m " ^ 2 1 , 6 3 0 c m ~ ^ and 2 4 , 5 1 0 c m ~ ^ are c o n s i s t e n t w i t h 
an o c t a h e d r a l g e o m e t r y (Table - X L I ) . 
T h e e l e c t r o n i c s p e c t r a b a n d s of C r ( I I I ) c o m p l e x of 
2 - ( 2 ' - m e r c a p t o b e n z o t h i a z o l y l ) b e n z o x a z o l e a r e s u m m a r i z e d in 
T a b l e X L I . It can be seen t h a t b a n d s a p p e a r at 1 7 , 5 5 0 cm 
19,380 c m ~ ^ and 21,490 c m ~ ^ r e s p e c t i v e l y a s s i g n e d to 
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S ^ g ( F ) ^ A 2 g ( F ) t r a n s i t i o n s 
c h a r a c t e r i s t i c of an o c t a h e d r a l g e o m e t r y for the C r ( I I I ) 
i o n . A c h a r g e t r a n s f e r band is a l s o o b s e r v e d at 3 3 , 3 0 0 cm 
T h e "eff v a l u e of 5.82 BM for the F e ( I I I ) c o m p l e x as 
1 4 , 3 3 0 c m " ^ , 1 9 , 5 3 0 c m " ^ and 2 4 , 5 0 0 c m " ^ a r e c o n s i s t e n t w i t h 
w e l l as its e l e c t r o n i c s p e c t r u m s h o w i n g t h r e e m a i n b a n d s at 
h 
an o c t a h e d r a l g e o m e t r y a b o u t t h e h i g h spin F e ( I I I ) c o r e . ^ ^ ^ ^ ^ 
T h r e e is a s t r o n g c h a r g e t r a n s f e r b a n d at 3 3 , 3 4 0 cm ^ 
in the C o ( I I ) c o m p l e x . O t h e r b a n d s a t 1 5 , 2 6 0 cm ^ and 2 4 , 3 3 0 
c m " ^ a s s i g n e d to '^T2g(F) "^T^^CF) and ^Tj^g(F) 
t r a n s i t i o n s r e s p e c t i v e l y are s u g g e s t i v e of an o c t a h e d r a l 
g e o m e t r y for this c o m p l e x . H o w e v e r , t h e "eff v a l u e (4.66 B M ) 
for C o ( I I ) ion is very c l o s e to t h a t c a l c u l a t e d for an 
o c t a h e d r a l C o ( I I ) c o m p l e x in h i g h spin s t a t e . 
T h e N i ( I I ) c o m p l e x s h o w s t h r e e b a n d s at 1 1 , 5 5 0 cm 
15,000 c m ~ ^ and 2 1 , 660 c m ~ ^ a s s i g n a b l e to ^ ^ ^ ^ ( F ) ^ — 
^ A 2 g { F ) and ^ A ^ ^ t r a n s i t i o n for an 
o c t a h e d r a l N i ( I I ) i o n . T h e ^ e f f v a l u e of 3.06 BM for N i ( I I ) 
in Ni (Cj^^HgN2S20 ) w i t h i n the r a n g e of an o c t a h e d r a l 
g e o m e t r y . T h e e l e c t r n i c s p e c t r u m of C u ( I I ) c o m p l e x s h o w s a 
s t r o n g b a n d a t 14,530 cm ^ w h i c h can be a s s i g n e d to 
2 2 
T ^ ^ Eg t r a n s i t i o n of C u ( I I ) in an o c t a h e d r a l c o n f i g u -
r a t i o n . T h e ^eff v a l u e of 1.99 BM (Table - X L I ) is a l s o 
c o n s i s t e n t w i t h the a c c e p t e d v a l u e for an o c t a h e d r a l C u ( I I ) 
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P d ( I l ) , R h ( I I I ) and P t ( I V ) to be d i a m a g n e t i c . ^ ^ ^ ^ ^ T h e 
P d ( I I ) c o m p l e x d i s p l a y s t h r e e m a i n b a n d s at 1 5 , 5 5 0 cm 
1 7 , 390 cm ^ and 2 3 , 440 cm ^ a s s i g n e d to ^^Ig 
^ B , < ^A ^E ^ A , t r a n s i t i o n s in s q u a r e p l a n a r 
-i-g ig g -Lg 
g e o m e t r y a r o u n d P d ( I I ) i o n . 
T h e R h ( I I I ) c o m p l e x s h o w t h r e e b a n d s a t 1 4 , 3 8 0 cm 
1 7 , 3 3 0 cm ^ and 2 4 , 3 9 0 cm ^ c o r r e s p o n d i n g to t h e t r a n s i t i o n s 
f r o m ^Ag g r o u n d s t a t e to and e x c i t e d s t a t e in 
an o c t a h e d r a l g e o m e t r y . 
T h e o b s e r v e d m a g n e t i c m o m e n t for R u ( I I I ) c o m p l e x is 
3.29 BM w h i c h is n e a r l y the s a m e as t h e c a l c u l a t e d v a l u e for 
the low spin R u ( I I I ) in an o c t a h e d r a l e n v i r o n m e n t . T h e 
e l c t r o n i c s p e c t r u m e x h i b i t s only o n e band a t 2 0 , 9 4 0 c m ~ ^ 
2 2 a s s i g n e d to '^2g t r a n s i t i o n c h a r a c t e r i s t i c of an 
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CHAPTER - VI 
Synthesis and characterization of complexes obtained 
from 2,4,6-pyrlmidine trione derived ligand; 
1,3-benzoxazolyl (2,4,6-pyrimidine trione) 
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Experimental 
Materials and methods 
2,4,6 p y r i m i d i n e t r i o n e ( K o c h - L i g h t ) 2 - b r o m o b e n z o x a z o l e 
( A l d r i c h ) s o d i u m h y d r i d e (80% s u s p e n s i o n in o i l ) w e r e u s e d 
as s u c h . A l l m e t a l c h l o r i d e s BDH A n a l a r and J o h n s o n M a t h e y 
w e r e used as r e c e i v e d . 
Preparation of sodium salt of 2,4,6 pyrimidine trione 
T o a s o l u t i o n - of 12.8 g of 2 , 4 , 6 p y r i m i d i n e 
t r i o n e in 150 m L d r y e t h a n o l , 12.0 g of s o d i u m h y d r i d e w a s 
a d d e d . T h e r e a c t i o n m i x t u r e w a s s t i r r e d o v e r n i g h t at r o o m 
t e m p e r a t u r e . A f t e r h e a t i n g u n d e r r e f l u x for 12 h o u r s a l i g h t 
p i n k solid s o d i u m s a l t of 2,4,6 p y r i m i d i n e t r i o n e w a s 
o b t a i n e d , w h i c h w a s r e c r y s t a l l i z e d f r o m e t h a n o l . Y i e l d 6 5 % , 
M . P . 320°C. 
P r e p a r a t i o n of 1,3 b e n z o x a z o l y K 2 , 4 , 6 p y r i m i d i n e t r i o n e ) 
An e t h a n o l i c s o l u t i o n of 8.60 g s o d i u m s a l t of 2,4,6 
p y r i m i d i n e t r i o n e w a s a d d e d g r a d u a l l y t o a s o l u t i o n of 14.4 
m L 2 - b r o m o b e n z o x a z o l e in same s o l v e n t . T h e c o l o u r of the 
s o l u t i o n c h a n g e d from l i g h t pink to d a r k y e l l o w . T h i s r e s u l -
ting s o l u t i o n was r e f l u x e d on vv'ater bath for t w e n t y four 
h o u r s . On a d d i t i o n of 50 m L w a t e r , p i n k c r y s t a l l i n e solid 
a p p e a r e d , w h i c h w a s f i l t e r e d and r e c r y s t a l l i z e d f r o m ethanol. 
Yield 35% M . P . 140.° C . 
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P r e p a r a t i o n of c o m p l e x e s 
T h e c o m p l e x e s of 1,3 b e n z o x a z o l y l ( 2 , 4 , 6 - p y r i m i d i n e 
t r i o n e ) w e r e p r e p a r e d by m i x i n g the c o r r e s p o n d i n g m e t a l 
h a l i d e and the l i g a n d in a e q u i m o l a r r a t i o (1:2 in c a s e of 
M C I 2 and 1:3 in c a s e of M C l ^ ) in dry e t h a n o l . In e a c h c a s e 
the solid p r o d u c t w a s o b t a i n e d e i t h e r i m m e d i a t e l y or a f t e r 
h e a t i n g t h e r e a c t i o n m i x t u r e u n d e r r e f l u x . T h e solid w a s 
k e p t o v e r n i g h t and f i l t e r e d . It w a s w a s h e d w i t h e t h a n o l and 
d r i e d in v a c u o . T h e c o l o u r s , m e l t i n g p o i n t s and y i e l d s of 
the c o m p l e x e s are g i v e n in (Table - X L I I ) . 
161 
Results and discussion 
S o d i u m salt of 2,4,u p y r i m i d i n e t r i o n e w a s p r e p a r e d by 
h e a t i n g the s t o i c h i o m e t r i c a m o u n t of 2,4,6 p y r i m i d i n e t r i o n e 
in e t h a n o l w i t h s o d i u m h y d r i d e . T h e p r o g r e s s of the r e a c t i o n 
w a s f o l l o w e d by m e a s u r i n g t h e v o l u m e of • h y d r o g e n gas 
e v o l v e d . T h i s s o d i u m s a l t of 2,4,6 p y r i m i d i n e t r i o n e was 
f u r t h e r t r e a t e d w i t h 2 - b r o m o b e n z o x a z o l e r e s u l t i n g in the 
f o r m a t i o n of 1,3 b e n z o x a z o l y l (2,4,6 p y r i m i d i n e t r i o n e ) 
l i g a n d (Figure X X X V ) . T h e c o m p l e x e s w e r e p r e p a r e d by 
i n t e r a c t i o n of l i g a n d w i t h e q u i v a l e n t a m o u n t of m e t a l ( l l ) 
and m e t a l ( I I I ) c h l o r i d e s . A c o l o u r e d p r e c i p i t a t e w a s 
o b t a i n e d in h i g h y i e l d s . T h e c o m p l e x e s w e r e not s o l u b l e in 
c o m m o n o r g a n i c s o l v e n t s . T h e h i g h m e l t i n g p o i n t and i n s o l u -
b i l i t y of the c o m p l e x e s in u s u a l s o l v e n t s s h o w s t h a t they 
a r e p o l y m e r i c in n a t u r e . 
T h e i . r . s p e c t r u m of s o d i u m s a l t of 2,4,6 p y r i m i d i n e 
t r i o n e c o n t a i n s a n u m b e r of a b s o r p t i o n b a n d s b u t it d o e s n o t 
s h o w any a b s o r p t i o n b a n d in 3 3 0 0 - 3 1 0 0 c m ~ ^ r e g i o n i n d i c a t i o n 
r e m o v a l of h y d r o g e n s from b o t h the N-H g r o u p s . It a l s o s h o w s 
t h r e e b a n d s at 1900 cm 1800 cm ^ and 1660 cm ^ i n d i c a t i n g 
(129) 
p r e s e n c e of C = 0 s t r e t c h i n g f r e q u e n c y . T h e s h i f t of 
k e t o n i c g r o u p a f t e r c o m p l e x a t i o n to l o w e r f r e q u e n c y by a b o u t 
100 - 50 cm ^ s u g g e s t s the f o r m a t i o n of an o x y g e n m e t a l 
b o n d . ^ ^ A s i m i l a r s h i f t was a l s o o b s e r v e d in C=N 
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z o l e . E v i d e n c e for n i t r o y c n c o o r d i n a t i o n in b o t h c o m p l e x e s 
is p r o v i d e d by the a p p e a r e n c e of a new b a n d a t 4 0 0 - 4 5 0 cm } 
O x y g o n c o o r d i n a t i o n is a l s o i n d i c a t e d by the a p p e a r e n c e of a 
s t r o n g b r o a d new b a n d at 5 0 0 - 4 5 0 cm ^ in t h e i . r . s p e c t r u m . 
T h e s e b a n d s c ould r e a s o n a b l y be a s s i g n e d to the m e t a l o x y g e n 
. . u- ^ ( 1 3 1 - 1 3 2 ) -p . 
and M - N s t r e t c h i n g f r e q u e n c y . In t h e i . r . s p e c t r a 
of the t r i v a l e n t c o m p l e x e s b o t h t e r m i n a l a n d b r i d g i n g M - C l 
f r e q u e n c i e s are o b s e r v e d at 3 0 0 - 2 5 0 cm T h u s an o c t a h e d r a l 
s t r u c t u r e i n v o l v i n g h a l o g e n b r i d g i n g is p r o p o s e d for t h e s e 
c o m p l e x e s . T h e a p p e a r e n c e of o n l y o n e M - C l b a n d in d i v a l e n t 
c o m p l e x e s a l s o s u g g e s t s an o c t a h c d r a l g e o m e t r y . ^ ^ ^ ^ ^ 
T h e o b s e r v e d m a g n e t i c m o m e n t s 3.80 BM and 5.82 BM for 
t h e C r ( I I I ) and F e ( I I I ) c o m p l e x e s r e s p e c t i v e l y w i t h i n t h e 
r a n g e for an o c t a h e d r a l g e o m e t r y . T h e e l e c t r o n i c s p e c t r u m of 
C r ( I I I ) c o m p l e x e x h i b i t s b a n d s a:t 1 6 , 330 cm 2 1 , 540 cm ^ 
and 2 3 , 300 cm ^ w h i c h m a y r e a s o n a b l y be a s s i g n e d to 
S ^ ^ ( F ) « S g ^ ^ ) S g ^ ^ ) 
4 4 
Tj^ g ^ A 2 g ( F ) t r a n s i t i o n s , r e s p e c t i v e l y . In a d d i t i o n to 
t h e c h a r g e t r a n s f e r b a n d , t h e F e ( I I I ) c o m p l e x a l s o s h o w s 
ligand f i e l d b a n d s at 1 6 , 3 5 0 c m ~ ^ , 1 9 , 5 3 0 c m ~ ^ and 2 6 , 8 6 0 
-1 4 6 4 6 
cm a s s i g n a b l e to '^ig^^') I g ' ^Ig 
'^T^g(P) < '^^Ig t r a n s i t i o n s r e s p e c t i v e l y . ^  ^ ^ ^ ^  
T h e m a g n e t i c m o m e n t s 5.70 B M , 4.58 B M , 3.02 BM and 1.90 
BM o b s e r v e d for M n ( I I ) , C o ( I I ) , N i ( I I ) and C u ( I I ) c o m p l e x e s 
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found in s i m i l a r o t h e r c a s e s . In t h e c a s e of M n ( I I ) c o m p l e x , 
the e l e c t r o n i c s p e c t r u m e x i h i b i t s t h r e e b a n d s at 1 8 , 5 2 0 cm ^ 
2 1 , 3 3 0 c m " ^ and 2 8 , 990 c m ~ ^ c o r r e s p o n d i n g to ^T^^g (G) ( S) 
^ T ^ g C G ) and "^A^^CG) t r a n s i t i o n s , 
r e s p e c t i v e l y . T h e C o ( I I ) c o m p l e x shows t h r e e b a n d s at 1 0 , 5 3 0 
cm 1 6 , 950 cm ^ and 1 8 , 8 7 0 cm ^ w i t h a c h a r y e t r a n s f e r 
band at 35,330 cm ^ r e s p e c t i v e l y . T h e N i ( l l ) c o m p l e x has 
a l s o been fo u nd to e x h i b i t o n l y t h r e e b a n d s at 1 3 , 1 6 0 cm 
1 5 , 550 c m ~ ^ and 2 1 , 3 3 0 c m ~ ^ a s s i g n e d to ^ T 2 g ( F ) 
^T^g(F) ^"^Ig^^^ transitions 
r e s p e c t i v e l y . 
The Cu(II) complex shows a strong band at 19,300 cm ^ 
t o g e t h e r v^ith a s h o u l d e r a t 1 3 , 3 3 0 cm ^ a s s i g n e d to 
2 2 2 2 
Bj^g and E^ Bj^^ transitions respectively for 
an o c t a h e d r a l s t r u c t u r e . 
T h e ^eff v a l u e (3.09 B M ) for R u ( I I I ) c o m p l e x lies in 
the n o r m a l r a n g e for an o c t a h e d r a l g e o m e t r y . T h e d i f f u s e 
r e f l e c t a n c e s p e c t r u m of R u ( I I I ) c o m p l e x e x h i b i t s one m a i n 
b a n d at 1 5 , 500 cm ^ a s s i g n a b l e to t r a n s i t i o n . 
T h e m a g n e t i c m e a s u r e m e n t s i n d i c a t e the c o m p l e x e s of 
Rh(III), Pd(II) and Pt(IV) to be diamagnetic. The electronic 
s p e c t r u m of the R h ( I I I ) c o m p l e x d i s p l a y s t h r e e m a i n b a n d s at 
1 4 , 3 0 0 21,330 c m ~ ^ and 25,500 c m ~ ^ a s s i g n e d to 
^ ^ I g ' ^"^Ig^ ^^Ig ^"^Ig^^ ^ ^ I g t r a n s i t i o n s 
r e s p e c t i v e l y . 
203 
T h e a b s o r p t i o n b a n d s in the e l e c t r o n i c s p e c t r u m of 
P t ( I V ) c o m p l e x is o b s e r v e d at 1 3 , 5 6 0 c m " ^ , 2 1 , 5 3 0 c m ~ ^ and 
2 7 , 6 3 0 c m ~ ^ w i t h an i n t e n s e c h a r g e t r a n s f e r at 3 5 , 0 0 0 c m " ^ 
(Table - X L I V ) i n d i c a t i v e an o c t a h e d r a l g e o m e t r y . ^ ^ ^ ^ ^ 
T h e P d ( I I ) c o m p l e x d i s p l a y s b a n d s in t h e r e g i o n 2 1 , 3 0 0 
cm ^ 2 7 , 5 3 0 cm ^ and 2 9 , 3 0 0 cm ^ c o r r e s p o n d i n g to t h e 
t r a n s i t i o n s from t h e ^ A , g r o u n d state- to the , ^ B , 
Ig ^ 2 g ' Ig 
and Eg e x c i t e d states in s q u a r e p l a n a r g e o m e t r y . 
170 
M = Nn(II), Co(II), Ni(ll), Cu(II), Zn(II) and Ily(II) 
M = Cr(III), Fo(III), Rh(lII) and Ru(III) 
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P h y s i c a l m e a s u r e m e n t s 
T h e e l e m e n t a l a n a l y s e s in a l l the c a s e s w e r e c a r r i e d 
out w i t h a T h o m a s and C o l e m a n a n a l y s e r , C a r l o - E r b a 1 1 0 6 . 
C h l o r i n e and s u l p h u r w e r e e s t i m a t e d g r a v i m e t r i c a l l y . ^ ^ ^ ^ ^ 
T h e m e t a l s w e r e e s t i m a t e d by c o m p l e x o m e t r i c t i t r a t i o n 
r 
a g a i n s t E D T A . ^ ^ ^ ^ ^ D i f f u s e r e f l e c t r a n c e s p e c t r a w e r e 
r e c o r d e d on a C a r l - Z e i s s V S U - 2 p s p e c t r o p h o t o m e t e r . IR 
s p e c t r a w e r e r e c o r d e d in K B r and N u j o l in 4 0 0 0 - 2 0 0 c m ~ ^ 
r e g i o n on a P e r k i n E l m e r g r a t i n g s p e c t r o p h o t o m e t e r m o d e l 621 
and F T I R S o m e n M i c h e l s o n - 1 2 0 . ^H NMR s p e c t r a in D M S O { d g ) 
w e r e o b t a i n e d on a v a r i a n V X R - 2 0 0 M H z F T - N M R s p e c t r o m e t e r , 
M a g n e t i c m o m e n t s w e r e m e a s u r e d by a v i b r a t i n g s a m p l e 
m a g n e t o m e t e r m o d e l 155 at r o o m t e m p e r a t u r e . T h e c o n d u c t a n c e s 
of the s o l u t i o n of the c o m p l e x e s in D M S O w e r e m e a s u r e d at 
room t e m p e r a t u r e e m p l o y i n g a S y s t r o n i c s 321 c o n d u c t i v i t y 
b r i d g e . 
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